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The Institute is not, as a body, responsible for the statements 
of fact or opinions advanced in papers or discussions at its meet¬ 
ings, and it is understood that papers and discussions should not 
include matters relating to politics or purely to trade. 

Constitution, Article VII, Sec. 2. 
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Xew York, January 25th, 1899. 
^Tlie 131st meeting of the Institute was held this date at 12 
est 31st Street, and was called to order by Pi’esident Keiinelly 
at 8 o’clock p. M. 

The Secretary announced that at the meeting of the Executive 
Committee in the afternoon, the following associate members 
were elected : 


Name. Address. 

Daggett, Royal Bradford Electrical Engineer, Electric 
Storage Battery Co., Marquette 
Building, Chicago, 111. 

Dy’er, Ernest I. Engineer and Manager of the En¬ 
gineering Department of the 
American Trading Co., Box 28 
Yokohama, Japan. 

Hill, GtEO. Henry Chief Engineer, Elevator Depart¬ 
ment, Sprague Electric Co., 
Bloomfield, N. J.; residence, 
New York City. 

Hill, Ernest Rowland Electrical Engineer, Westing- 
house E. & M. Co., Pittsburg, 
Pa. 

Dynn, Wm. a. Assistant in Electrical Engineering, 

University of California, Berkeley. 

Simpson, J. Manley Assistant Superintendent, North- 
Western Grass Twine Co., P. 0. 
Box 2513, St. Paul, Minn. 

Thompson, Thos. Perrin Electrical Laboratorian, Brook¬ 
lyn Navy Yard; residence, 217 
Cumberland St., Brooklyn, N. Y. 

Thompson, Alfred J. Electrical Engineer and Contrac¬ 
tor, San Ignacio 50, Havana, 
Cuba. 

"Wilson, Robert M. Faculty of Applied Science, McGill 
University; residence, 113Shuter 
Street, Montreal, Cue. 

Total, 9. 


Endorsed by 

Herbert Lloyd. 

J B. Emz. 

H. H. Wait. 

C. L. Cory. 

J. N. LeConte. 

J. A. Lighthipe. 

P. J. Sprague. 

E R. Carichotf. 
Louis Duncan. 

C. P. Scott. 

L. B. Stillwell. 
Harris J. Ryan. 

C. L. Cory. 

J. N. LeConte. 

P. V. T. Lee. 

P. A. C, Perrine. 
C. A. Carus-Wilson 
Ralph W. Pope. 

Townsend Wolcott 
Frederick Bedell. * 
Harris J. Ryan. 

Thos. A. Edison. 
A, E. Kennelly. 
Gano S. Dunn. 

R. B. Owens. 

R. A. Ross. 

Ralph W. Pope. 
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ASSOCIATE MEMBERS TRANSFERRED. 


[Jan. 25^ 


The following Associate Members were transferred to mem¬ 
bership. 

Approved by Board of Examiners, December 9th, 1898. 

Philander Betts, Electrician U. S. ISTavy Yard, Washington, D. C. 
WiNDEN Elwell Goldsborough, Professor of Electrical Engineering, Purdue 
University, Lafayette, Ind. 

The President:— In introdaeing the paper of the evening, 
I have the pleasure to announce that Mr. Greene himself is 
present and he has, as you know, been spending some months 
professionally in the navy. We shall look for an interesting 
paper at his hands upon “Electricity on Board Ship.’' 



A paj)er presented at the jjist Meeting of the 
American Institute of Electrical Engineers^ 
New York, Jamtary 2St/i, iSgq^ President 
Kenneliy in the Chair. 


ELECTRICITY ON BOAED SHIP. 


BY S. DANA GREENE. 


While tlie title of this paper is intended to cover the applica¬ 
tions of electricity aboard ship in the merchant marine, as well as 
in the navy, I shall coniine my remarks principally to the war 
vessel; for the service requirements of electrical apparatus on 
the latter are quite as severe as on the former, while the limiting 
conditions as to weight and space are much more severe. It 
may be safely assumed therefore that any application which can 
be made to advantage aboard a man-of-war will be equally 
advantageous on board a merchantman. 

On shore, the advantages of centralizing the manufacture of 
electric power for industrial purposes in one plant, distributing 
this power by suitable means to individual consumers, are so well 
known, and the industry is so well established, that it seems hard 
to realize the fact that it has all been accomplished in less than 
twenty years, and that it is less than ten years since it was a 
difficult matter to interest capita] in such undertakings. For 
several years after the industry was well established ashore, little 
or nothing was done aboard ship. This was du^ principally to 
two causes: * ! ' 

First: beafaring men are notoriously conservative about in¬ 
troducing new ideas or new apparatus aboard ship, which may 
prove successful, and which may on the other hand fail in 
the middle of a long voyage when facilities for repairs ai'e not 
at hand, and when a break-down may be a very serious matter to 
the safety of the ship, or the lives of the oflScers and crew. This 
conservatism is particularly strong in the British navy, the 
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greatest in the world, where no machinerj is ever introduced 
when the work can be done as well hjdiand, and where simplicity 
is the first requirement for all inachinerv. 

The modern warship is a complex piece of mechanism at best, 
and I think the established policy of our British cousins to elim¬ 
inate rigidly nil.^i7i}ieoe6‘sar]/ complications is wise; one that can 
well be followed by other navies and ])articularly our own, where 
there has been a tendency to introduce too many novelties and 
labor-saving devices, at the expense of simplicity and safety. 

Second: Electrical men, Avhile generally unfamiliar with the 
conditions of sea life, knew nevertheless that three great enemies 
of electrical apparatus—salt air, moisture and heat—were always 
present aboard ship, and they feared them. 

However, the great advantages of electric lights gradually over¬ 
came the sailor's conservatism and the electrician’s fears, and 
lighting plants have been generally installed aboard ship for 
severrd years, in spite of numerous troubles at first, both with the 
apparatus and with the wiring. 

The great advances made in the construction of electrical ap¬ 
paratus and the methods of distribution, enable us to say tuday, 
and to prove as I shall hope to prove, wdth a full knowledge of 
service conditions,—that electrical applications can be .made wdth 
as little fear and wnth as great certainty of success aboard ship as 
they can ashore. 

The recent position reported to have been taken by one of the 
Naval Bureau chiefs that such applications should not he further 
extended on our war-ships at present, because we did not have 
the trained men to care for the machinery, is, it seems to me, 
absolutely untenable. If it is demonstrated that an electric 
motor is better adapted to drive a deck winch, for example, than 
a steam or hydraulic or compressed-air motor,—then it should 
be installed, and the necessary men to operate it can,.and should 
be obtained. If the course suggested by the naval officer re¬ 
ferred to, had been followed in our navy for the past fifty years, 
we wmuld still have sailing vessels, (the frigates and line^of-battle 
ships of Nelson’s day,) and our recent unpleasantness with Spain 
wmuld have terminated with very different results. 

Assuming then as every reasonable man both in and out of 
the navy does assume, that electrical apparatus can be made to 
work on shipboard, let us examine the conditions of the modern 
war vessel as we find them, and see where electricity can be ad- 



1899.J 


GREENE ON ELEGTRIOITT ON BOARD SHIP. 


5 


vantageonslj introduced, Laving in mind always tbe nece.ssary 
requisites; safety, simplicity, efficiency and reliability. 

The modern first-class battleship requii-es about 2000 i. u. p. to 
drive all the au.xiliaries at full load, and the iirst-elass erui.ser, 
about 1200 r. H. p. These auxiliaries, however, are never all in 
use at the same time using maximum power, and it can be 
assumed that only about half of these amounts (f e., lOOO i.h.p. and 
bOO I. H. p.) will be required at any one time. They are scattered 
all over the ship, from the anchor'hoist forward to the steering 
engine aft, and from the deck winches and boat cranes on the 
spar deck to the bilge and fire pumps in the engine and fire 
rooms, 30 or 40 feet below. Some of them, such as condensers, 
air, circulating, feed bilge and fire pumps, and tire-room blowers 
are neeessaiily located within the engine and l)oiler room com¬ 
partments, where the temperatures are always high, and where 
steam, oil, water and coal-dust are always present in greater or 
less quantities. Others, located on the spar deck, ai-e exposed to 
salt water and air and to the varying conditions of sea and 
weather; 

With these scattered locations it is obvious that power, (ven¬ 
erated at a central point, must be distributed throughout*^the 
ship, h or this purpose there can be used either steam, hydraulics, 
compressed air or electricity.. Tlydraulics and compressed air 
notmnly have a low efficiency of conversion (from steam) but it is 
difficult to prevent leaks, freezing, bursting of pipes, etc. They 
have both been tried to a limited extent and both found wanting 
in service.' This leaves steam and electricity as the two remain¬ 
ing systems of distribution from which to choose. As between 
the two, steam has the following disadvantages: 

Mrsf: Danger to life. The bursting of a steam pipe, whether 
in or out of a fight is a serious matter, and likely to disable any 
of the crew who are in the compartments where the accident 
occurs. It has been abundantly proven in our civil war, that 
men will not stand up against steam or hot water, when they 
will face shot and shell without flinching. Many of our vessels 
operating in inland waters during that war had several lines of 
hose coupled to a hot water, tank and led out every night to guard 
against boat attacks. These hose were successful on more than 
one occasion in repelling boarding parties. While the steam main 
which leads fore and aft can be r un below the protective deck or 
1 Benborn’s experience with hydraulic turret machinery. 
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beliiiid tlie amior belt, vertical brandies must run to all auxil¬ 
iaries on the upper decks and many of these must be used in 
action. The effect of a steam pipe carrying’ LOG pounds pressure 
bursting or being shot away in a compartment whei^e there may 
be SO or 40 men, at the guns or passing ammunition, would un¬ 
doubtedly be to kill or disable every man in the neighborhood 
and demoralize thoroughly that part of the ship. On the other 
hand, if a wire is shot away one or more auxiliaries may be dis¬ 
abled but no one is injured; furthermore, the wire presents a 
much smaller target than a steam pipe and is therefore less liable 
to injury from shot. It is always a difficult matter, too, to keep 
steam and exhaust pipes tight and to prevent leaks at the joints 
and at water-tight bulkheads. 

SpGond: Injurious heating of living quarters. Steam and ex¬ 
haust pipes must^necessarily run to every auxiliary, and some of 
the latter, such as the ice machine, anchor hoist, steering engine, 
ventilators, etc., are in tlie officers’ and men’s quarters, or the 
pipes leading to them must pass through these quarters. The 
heat of the pipes and engines not only makes the quarters un¬ 
comfortable but it is impossible to prevent more or less oil and 
dirt around the auxiliaries. In the tropics the heat is often so 
great that the officers and men cannot sleep below at all. This 
was the case on a number of our vessels operating in Cuban 
waters last summer. 

Third: Efficiency. Here the contrast is very striking in favor 
of electricity, surprisingly so to one who has not seen the actual 
economy figures of steam auxiliaries. Some data will be presented 
on this subject later on. 

There remain the two important factors of simplicity and 
reliability to be considered. Ho one who has had experience 
with the modern well-designed and w^ell-insulated carbon brush 
generator or motor, can have any-doubt as to its greater simplicity 
as compared with the steam engine. There are no joints to he 
kept tight, no nuts or bolts to set up, no packing to renew, no 
cylinders to cut, and only two self-oiling bearings as compared 
with a dozen or more oilcups on an engine. In fact it is difficult 
to imagine a simpler piece of machinery than the modern 
dynamo. It seems like a return to elementary principles to dis¬ 
cuss such a point; and yet many men aboard ship imagine the 
dynamo a most complicated affair, simply because they know 
nothing about electricity, and think everything connected with it 
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is mysterious and complex. This feeling is not confined to sea¬ 
faring men, as we all know. 

The question of reliability is a vital one, for no matter what 
the advantages with respect to safety, economy and simplicity 
may be, if the electric auxiliary cannot be relied upon at any and 
all times to do its work, it is a failure and must be discarded. It 
must not only be able to work well under normal and 
favorable conditions, but it must also be able to stand a certain 
amount of abuse and neglect. Stress of weather and other con¬ 
ditions, particularly during a 'war, sometimes play havoc with the 
established routine of a ship, and a sailor's tools must not only be 
sound ; they must be hardy. The normal conditions aboard ship 
are not favorable to ordinary electrical apparatus, as has been ex¬ 
plained, but this simply means that apparatus for such work must 
be specially designed and built to meet these conditions. The 
ordinary motor on shore would not last long under a street car ; 
nevertheless thousands of car motors are built and sold every 
year which run day in and day out with a remarkably low main¬ 
tenance account. Similarly, apparatus for ship work must be 
specially insulated, a larger margin of capacity must be allowed, 
and in exposed places it must be thoroughly enclosed. Several 
years ago an English manufacturer asked permission to install an 
electric deck winch on the spar deck of a new cruiser, fitting out 
at Portsmouth. When the captain who was superintending the 
fitting out of the ship saw it, he gave orders to have the deck 
hose turned on the motor for ten minutes, and then to operate 
the winch. The manufacturer protested and said that the motor 
was not intended to be abused in this way. “ Then take it off 
the ship,’’ said the captain, for I cannot guarantee that we will 
ship no seas during our cruise, and I, want that winch ready for 
service whether we ship seas or not,” The captain was quite 
right, the motor was taken off and a rough and ready” steam 
motor substituted. 

Experience alone is the final test of reliability and fortunately we 
have some experience in our own navy on which to rely. During 
the late war, all of our regular war vessels were fitted with 
electric lighting plants, and many of the larger ships were sup¬ 
plied as well with certain electric auxiliaries; such as ventilating 
fans and ammunition hoists. Two of the BrooklyrHs turrets 
were controlled by steam motors and two by electric motors. So 
far as I have been able to learn, from both official and unofficial 



8 GMEENE ON ELECmiOITY ON BO ARE SHIP. [Jan. 25, 

Bourees, all the electrical apparatus on these ships stood the 
supreme test of battle admirably, and the officers of the Brooklyn 
are enthusiastic, over the performance of the electrically con¬ 
trolled turrets. They rejiort that with respect to ease of manipu¬ 
lation and fineness of conti'ol, there is no comparison, but rather 
a contrast. This is high praise from com petent authority, for the 
officers referred to had actual command of the turrets in battle, 
and their judgment is not only unprejudiced and impartial—it is 
final and conclusive. 

It is hardly necessary to say that electric machinery to be re¬ 
liable must have reasonable care and attention from men who 
know something about it. The same is true of dny machinery 
and it is bad policy, as well as untrue, to say, as is sometimes said 
by those who should know better, that an electric motor requires 
no attention. Cleanliness is very necessary, and may be con¬ 
sidered as a first essential to successful operation. It is astonish¬ 
ing to see how little has to be done to an electric motor if it is 
kept scrupulously clean; but this cleaning must be regular and 
intelligent. From what has been said, it may safely be affirmed 
that electric machinery can be made as reliable on shipboard as 
any other machinery, and with this in mind we can turn to the 
question of efficiency, including weight of plant and first cost. 

There has been very little data published on the performance 
of ship auxiliaries, but a valuable contribution to the subject ap¬ 
peared in the F’ebruary (1898) number of the Journal of the 
American Society of Naval Engineers, by P. A. Engineer, W. 
W. "White, U. S. Navy, entitled, “Steam Consumption of the 
Main and Auxiliary Machinery of the LT. S. S. MinneayyolisB 
This vessel, as is generally known, is a first-class protected 
cruiser of about 7500 tons displacement, with three screws (each 
operated by its own engine) and a trial speed of over 22 knots 
per hour. She represents the highest type of her class, and is in 
every way a credit to her designers and builders. She has be¬ 
tween thirty and forty steam auxiliaries, and more than 150 
separate steam cylinders. Her- only electric auxiliaries are the 
lighting generators and a few small ventilating sets and ammuni¬ 
tion hoists. In order to ascertain the steam consumption of her 
main engines and auxiliaries, Mr. White, who was serving on 
board the Minneapolis at the time, as one of her engineers, made 
a series of careful observations during a run of the vessel of seven 
days from Gibraltar to League Island, Philadelphia. Indicator 



Ib9y.] GRKE]!sE ON ELEGTRIGITY OJS BOARD SHIP. 


9 

cards were taken on all auxiliaries fitted for tlie purpose (31 in 
number), and the losses from leakage, condensation and radiation 
were carefully estimated and the water evaporated accurately ‘ 
measured. The results obtained are given in the following 
tables (marked I. and II.), and they are certainly startling. 

An estimate of the average weight of steam used per hour by 
the machinery in operation is as follows. 

TABLE I. 

Total pounds of 
steam per hour. 

Main engines, port and starboard. 31,989.8 

Condensation from main engine jackets, estimated. 750 

Condensation in main steam line, estimated. 450 

^ Loss of steam from unavoidable leaks, estimated. 480.8 

Total.■.. 33,620.6- 

AUXILIARIES. 

Main air and circulating pumps. 2,641.9' 

Bilge pumps, (three). 1,291.2 

Steering engine, estimated . 450 

Main feed pump. 951.1 

Pump for washing decks, ash hoists, galley coppers, shop engine, etc. 240 

Dynamo. 2,023.3- 

Flushing pump. 275.7 

Blower in evaporator room, and combined salt and fresh water 

pump for distilling plant. 46 

Steam to evaporators for distilling (average of 1,500 gallons per day) 651 

Ship’s ventilating blowers, (two after) .. 549.4 

Ship’s ventilating blowers, (two forward, 12 hours per day). 274.7 

Ice machine. 412.4 

Miscellaneous (shifting of dynamos, etc.). 30 

Condensation in auxiliary steam line, estimated. 300 

Total, auxiliaries. 10,136.7 

Hood’s Merthyr coal was burned, there being three mam 
double-ended boilers in use. 

DIMENSIONS OF EACH. BOILER. 

Length, feet. 20 

Diameter, feet and inches. 15-9 

Furnaces, number (corrugated)... 8 

Furnaces, diameter (least), inches... 40 

Furnaces, diameter (greatest), inches. 42^ 

Length of grates, inches... 84 


1. Assumed as one-half the total loss cf feed water per hour. 
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Tubes, number. 

Tubes, diameter, inches. 

Tubes, length between tube sheets, inches. 

Tube heating surface, square feet. 

Plate heating surface, square feet. 

Total, heating surface, square feet. 

'Orate surface, square feet. 

Ratio G. S. to H. S. 


1,268 


87| 


5,540 


861 

6,401 

186.7 


1 to 34.29 


RESULTS. 

Average boiler pressure, by gauge... 142 

Coal consumed per hour, pounds. 5,215 

Coal consumed per hour, per square foot of grate, pounds. 9.31 

Refuse per hour, pounds. 637.5 

Percentage of refuse in coal.. 12.22 

Total steam used per hour, all machinery, pounds . 43,767.3 

Pounds of water vaporized per pound of coal (average temperature of 

feed 85®).. < . 8.39 

Equivalent evaporation per pound of coal from and at 212® . 9.89 

Percentage of daily coal consumption to run main engines only. 76.82 

Percentage of daily coal consumption to run auxiliary machinery... 23.18 


It will be seen that the average weight of steam used by the 
main engines per hour was 33,620.6 lbs., and by the auxiliaries, 
10,146.T lbs. That is, the auxiliaries consumed nearly 25 per 
cent, of the total coal used. The main engines consumed an 
average of 20.83 lbs. of steam per r. h. p. per hour, and the auxil- 
aries an average of 119 lbs. per i. h. p. per hour (the lowest being 
55.06 lbs. and the highest 318.68 lbs. per i. h.p. per hour). An 
examination of Table 11. shows that the steam consumption of 
the same or similar auxiliaries varied greatly, due doubtless to the 
varying conditions of packing rings, bearings and valves, and of 
the load. These results are not exceptional; in fact, they are 
probably better than the average obtained on most war ships or 
merchant vessels. The new British cruiser Powerful (14,000 
tons displacement) is reported to have used 8,300 tons of coal, 
from England to Hong Kong, of which 3,400 tons (or over 40 
per cent.) were required for the auxiliaries. 

Under the most favorable conditions the auxiliaries of a large 
.ship probably consume at least 20 per cent. Of the total coal and 
water used. This is more than twice as great as the consumption 
of a modern central station, and there is no good reason why as 
good results should not be obtained afloat as ashore. 

Let us assume a required central station capacity for a flrst- 
<ilass battleship of 1,000 h. p. effective at the motors. The present 
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standard e.m. f. for naval installation is SO volts, and for the 
merehaiit marine about lUO volts. This low voltage was originally 
adopted on warships on account of the searchlights, which re¬ 
quire 50 volts only, and it was desired to introduce as little dead 
resistance as possible. At this time no motors were of course in 
use, and the electric plant ivas used for lighting exclusively. 
Such a voltage is, however, entirely unsuited for a 1000 h. p. 
plant. The weight of the distribution system would not only be 
excessive, but the size and weight of the generators would be 
prohibitive. Tl)e three-wire system, or a standard of 220 to 250 
volts two-wire system should be adopted, using the necessary re¬ 
sistance in the searchlight circuits when they are in service ; since 
they require a relatively small percentage of the total plant 
capacity, and are not regularly in use, this can be done without 
undue sacrifice. 

The generating plant should consist of several units of the 
same size, so that parts are interchangeable, each unit consisting 
of a compound vertical engine driving a pair of generators or a 
single generator, depending upon whether a three-wire or two- 
wive system is used. Assuming an efficiency of 82 per cent, for 
engine and generator, and an average line and motor efficiency of 
80 per cent., the total efficiency of the system (between i. h. p. 
of the generating engines and the effective h. p. of motors) is 65.6 
percent. In other words, to develop IOOOh.p. at the motors 
will require 1500 t.u p. at the engines, oraboutOOO k.w. generator 
capacity. Six sets of 150 k.w. each, with one in reserve, would 
be required. A good compound engine working at approximately 
full load (and with six units, those in active service can always 
be operated at or near full load), will require 20 lbs. of steam per 
I. H. p. per hour. Assuming a total efficiency of the system of 
65.6 per cent,, as above, it will require about 60 lbs. of steam per 
effective h. p. per hour at the motors. If we allow 25 per cent, 
margin for losses due to steam leakage, condensation, me¬ 
chanical friction of gears, etc., we still have an economy of 37X 
Ihs. per H. p. per hour as against 119 lbs. as shown by the Minne¬ 
apolis test. In this case the auxiliaries tested aggregated 4T1 h.p. 
developed, using 56,049 lbs. of water per hour. At S lbs. of 
water evaporated per pound of coal, the coal consumption was 
7000 lbs. per hour, or 84 tons per day, assuming that this power 
was required for 24 hours. If the water consumption had been 
at the rate of 37.5 lbs. per i. h. p. per hour instead of 119 lbs.,. 
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the coal used per day for these auxiliaries would have been 2(1.5 
tons, a saving of 57.5 tons, or nearly 70 per cent. 

It is fair to assume that h^’ the introduction of compound 
engines and approved mechanical appliances on some of the 
auxiliaries, the average steam consumption can perhaps be reduced 
to 75 lbs. per h.p. per hour, but this is still 100 per cent, in excess 
of that required for the electric drive. Assuming a average daily 
use of son H.p. effective at the auxiliaries on a first-class battle¬ 
ship at sea, this difference in efficiency means a saving in water 
used of 3G0 tons per day, and in coal a saving of do tons per day. 
All steam cylinders connect with the condensers, so that the 
water used by the auxiliaries is not lost but is used over and over 
again, it being necessary to supply only that lost by leakage in 
the pipes and condensers. The extra pumping duty is large, 
however. The coal saved, on the other hand, means tha.t with a 
given coal endurance (or steaming radius*') a vessel can carry 
from 10 to 20 per cent, less coal, or expressed in another way, 
with the same coal capacity, she will have from lO to 20 per cent, 
greater steaming radius. The average price paid in tlie navy 
for coal (including stations in all parts of the wmrld) is probably 
at least ^7.00 per ton. There is therefore in the case assumed, a 
direct saving in running expense of $315.00 per day for coal 
alone. It may be argued that a vessel in port does not use her 
auxiliaries to the same extent that she does at sea, and that, there- 
f(.)re, the comparisons made are misleading. This may be true 
as to actual savings in pounds of coal and water, or in dollars and 
cents, but the percentage differences hold true in any case. Fur¬ 
thermore, a ship is built to keep the sea, and her efficiency and 
usefulness are measured by her performance at sea, and not when 
incidentally or accidentally in port. Her weights are distributed 
or apportioned, and her power, speed and ‘^steaming radius" are 
designed for sea oonditions^ and these conditions alone should he 
considered. 

The weight and space required for plant are important matters ; 
for a modern steamship, and particularly a war vessel, has every 
available inch of space and pound of weight carefully allotted ; 
and it is sometimes difficult for the designers to adjust the con¬ 
flicting elements (which may be equally important) so as to pro¬ 
vide for all, and still keep within the prescribed limits. The 
present weight of steam auxiliaries of a first class battleship, as¬ 
suming a total capacity at full load of 2000 n. p. as before, is 
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about 200,000 lbs. or 100 tons. If the electric drive is used, we 
must add tlie weight of the generating plant. The navy specifi- 
cations limit this weight at present to one third of a pound per 
watt of rated capacity. With 1050 k. w. capacity (six units of 
150 K. w. for service and one for spare) the weight would be 
350,000 lbs. or 175 tons. The electric auxiliaries would weigh 
about the same as steam, or 100 tons, a total of 275 tons as 
against 100 tons for steam drive. There would be some saving 
in the wiring, as against steam and exhaust pipes, so that it may 
be assumed that the electric plant, with the generating sets de¬ 
scribed, will weigh between two and one half and three times the 
steam drive. As an offset, however, we have the saving of 10 
to 20^ in coal required for a given steaming radius, which in a 
ship of this class would amount to between 200 and 400 tons. 
Furthermore, if in the future a satisfactory steam turbiije, com¬ 
parable ill economy with the compound engine, is developed for 
marine work, as now seems probable, the weight of the generating 
plant will be reduced 40 or 50^, and then the electric drive will 
compare favorably in this respect with steam, and there will 
still be the saving in weight of coal required for a given endur¬ 
ance. 

The space necessary for plant must be considered as one of 
the vital parts of the ship, and as such it must be located below 
the protective deck. At first thought it may be said that it will 
be difiScult to find the necessary space, but it must be remem¬ 
bered that the space required for 200 to 400 tons of coal, is avail¬ 
able, in addition to the space at present allotted for dynamo 
room, and these combined will certainly be more than sufficient. 

The application of the electric drive to the various ship aux¬ 
iliaries must be carefully studied in each case.. The problems in¬ 
volved, however, are not more difficult than many special appli¬ 
cations on shore, nor is there anything about them which a com¬ 
petent electrical engineer, with a proper knowledge of sea eon- 
ditions, is unable to solve. The first cost will undoubtedly be 
greater than with the steam drive, but the saving in operating 
expense,’’ if capitalized, will much more than offset this differ¬ 
ence in first cost. 

The problem is purely an engineering one, and should be ap¬ 
proached in a business-like way. Will the electric drive be 
equally safe, simple and reliable, and will it be more efficient 
than the present system of steam drive? This is the question in 
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a nntshell, and I believe that the tio^iires and data which I have* 
presented enable us to answer it most emphatically in the aflSrm- 
ative. Other nations, particularly England, Germany and France, 
have already introduced the electric drive extensively on their 
ships, both in the navy and in the merchant marine; and it is 
earnestly to be hoped that our own navy, with its magnificent 
ships, officers and men, of whose record we are so justly proud, 
will not lag behind in this important respect. Once provide the 
proper tools, and there need be no fear in this country that the 
necessary men to handle them properly will not be found. 

I have not touched upon some of the minor electrical applica¬ 
tions which have been made aboard ship, such as searchlights,, 
range finders, engine room telegraphs, speed and helm indicators, 
signal sets, telephone, etc. Some of them, such as the signal 
sets and searchlights, are of considerable importance both from 
the military standpoint and for navigation purposes, and have 
stood the test of service admirably. Others, like the range finder 
and telephone, while of great utility, have not yet demonstrated 
that they can be relied upon at all times ; while others still, may 
be considered as luxuries (sometimes of doubtful utility) rather 
than necessities. All of them come within the province of the 
electrical specialist, rather than the electrical engineer, and have 
no direct bearing on the main problem discussed in this paper. 


APPEl^DIX. 


Since the reading of the above paper, an article has appeared 
in the March 1899 issue of Cassier''s MagaBine. entitled The 
Outlook in Marine Engineering,’’ by Engineer-in-Chief George 
W. Melville U. S. IST., from which the following extract is given. 
It will be seen that his statements confirm those given in the 
paper with reference to the uneconomical performance of steam 
auxiliaries aboard ship. 

S. D. G. 

Schenectady, N. Y. 

March 6th, 1899. 

Auxiliaries. 

As was stated previously, the problem of the economy of aux¬ 
iliaries has become a very important one, as the aggregate horse¬ 
power of the auxiliaries on a large ship is now considerably more 
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than the horse-power of the main engines of good-sized vessels of 
twenty years ago. A paper by P. A. Engr. W. W. White, V. 
S. N., published last year, set forth the facts in regard to the 
steam consumption of all the auxiliaries of one of the finest war 
vessels in the world,—the U. S. triple-screw cruiser Minneapolis., 
—and this is, undoubtedly, a typical ease. As sliown by that 
])aper, the steam consumption of almost every auxiliary engine on 
the ship was high, while of some it was enormous. 

Various solutions of the problem have been proposed. One 
is to have a sort of central pump station where a very economical 
triple-expansion engine w^ould furnish the power and all the 
pumps would be driven by it. 

Another is to make the cylinders of the auxiliary engines, in 
effect, a part of the intermediate cylinder by having them take 
their steam from the first receiver, and exhaust into the low- 
pressure receiver. For merchant steamers which make long runs 
under absolutely uniform conditions, this would seem to be a 
very satisfactory solution ; but for naval vessels, in which facility 
for manoeuvriiig is so important, even if this were adopted, it 
wonld be necessary to have an arrangement of valves, readily 
changeable, to throw the pump cylinders out of the circuit and 
have them take steam from the auxiliary steam pipe and dis¬ 
charge to the condenser. 

^ Another plan is to compound all the engines which have 
hitherto used steam with only one stage, and that really without 
expansion at all. This would, undoubtedly, materiallv increase 
the economy, but in some eases it would, "undoubtedly increase 
the weight. 

^till another solution is the use of electric motors for driving 
nearly all the auxiliaries. The advantage claimed is that the 
efficiency of both motors* and generators is so high that their com¬ 
bined losses will reduce only slightly the benefit to be derived 
from supplying the power for the generator from a very econom¬ 
ical engine rather than liaving a small steam-engine to drive each 
auxiliary. 

This last solution is one which has been appdied to some extent 
for such auxiliaries as hoists, winches, and turret-turning gear, 
aud, as far as the working of the auxiliaries is concerned, the re¬ 
sult is entirely satisfactory. There are also certain facilities for 
installation and handling which commend this system above that 
of small steam-engines located at a considerable distance from 
the boilers. The problem, however, is a difficult one, and, for 
its thorough solution, requires more investigation and analysis 
than many writers have given it. 

Even more important than the economical development of 
power, are the items of reliability and adaptation ; and the 
(|uestions of weight, space occupied" and first cost must also be 
considered. For instance, from many points of view it would 
seem that the capstan and steering engines afforded examples 
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■wliere the electric power would have great advantages on the 
score of facility of installation; yet many strong advocates of 
motors for other purposes oppose them here on the ground that 
electric apparatus is not sufficiently reliable for these important 
places. 

Again, from some considerations, motors would seem specially 
adapted to the forced-draught blowers, but when we reflect how 
rarely these are used on naval vessels, and that the electric plant 
to run them (including engines and dynamos) will weigh more 
than three times as much as steam engines, and probably exceed 
the cost in a still higher ratio, it becomes nearly certain that it 
would be far from economical to install motors for this purpose. 
These illustrations are given to show that it would be unwn'se to 
be stampeded into using electric appliances everywhere because 
they are the best for certain situations. 

Mr. George W. Dickie, the talented manager of the ITnion 
Iron Works, of San Francisco, has suggested that the solution of 
the problem could best be determined by taking several ships of 
absolutely identical design otherwise, and fitting them with 
different systems of driving the auxiliaries, but having all the 
auxiliaries of any one driven by one system. The trouble, at 
present, is that the different methods of driving the auxiliaries are 
mixed on each ship, so that it is impossible to make an accurate 
comparison from the results obtained in daily working, on account 
of the great difficulty of determining the economic performance 
of each auxiliary separately. 

Meanwhile, it should be noted that in all the latest United 
States naval designs, feed heaters are fitted, through which the 
auxiliaries can exhaust, thus causing a decided increase of 
economy; and provision is also made for exhausting (while the 
main engines are in operation) into one of the receivers. This 
last practice has prevailed for some time in American sliips^ 
and is attended by a considerable saving of coal. 
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Discussion. 

The President I feel sure we have all listened with pleasure 
to Mr. Greene’s paper and it is gratifying to learn that electrical 
appliances have behaved so well on board naval vessels in prac¬ 
tical work. I know that you must have a number of questions 
to ask, and I am sure that Mr. Greene will be glad to answer 

them. . ^ . 1 T 

Me. John AV. Lieb, Je. In the comparison of weights i 

did not understand if the weight of the electric drive included 
the motors at various points on a ship together with the gener¬ 
ating side. 

Mr. Gebene :—Yes. 

Mr. T. Commeeford Martin :—Deference was made to the 
work that was done by means of the motors driving turrets. _ I 
think that is one of the most important steps taken in the applica¬ 
tion of miscellaneous electrical apparatus to our men-of-war. I 
notice that we have with us this evening Mr. H. AVard Leonpd 
to whom 1 believe belongs the credit of that advance, and 1 think 
we should all appreciate it very much if he could give us a few 
details with regard to that very important application. 

Me. H. W^ed Leonard I think that a good many of those 
present are probably quite familiar with the essential features of 
the method of control that is used on the turrets, as it is the 
simplest form of the various modifications of the methods of 
control that I have described before the Institute. It is, prac¬ 
tically speaking, merely this—a motor and a generator, practically 
identical, (although the speed of them need not be the same, but 
identical as regards' voltage and output) have their armatures 
connected metallically together, so that, speaking popularly, the 
armatures are short-circuited upon each other. The field of the 
motor is fully excited at all times, and the generator has in its 
field the winding which is similar to the shunt winding of an 
ordinary generator, a field rheostat, which not only enables you 
to vary the current over a very wide range that passes around 
the field of the generator, but permits you to reverse that cur¬ 
rent. The generator armature being driven at all times at full 
speed, and in this field which can be varied from zero intensity 
to full intensity in either direction, the field current supplied 
being from a separate course of constant electromotive force 
such us the lighting circuit, you will see that a very ready method 
is offered of obtaining at the brushes of the generator any voltage, 
from zero to the maximum voltage, and this voltage in either 
direction. Since the field of the motor is constant, any reversal 
of the voltage of the generator will cause the current to flow in 
the reverse direction in the armature circuit, and consequently 
cause a reversal of the motor armature. The point which is per¬ 
haps of the greatest im;^ortance to make clear, is the very perfect 
control which you obtain under such conditions due to the fact 
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that the two armatures are, as far as voltage is concerned, elec- 
tneahy locked togetliei-. It is impossible that the voltage upon 
the terminals of the motor armature and the voltage lipon the 
terminals ot the generator armature should differ, except by the 
(Irop in tlie very low resistance metallic circuit formed by the 
two armatures short-circuited together. ' Consequently, it is 
quite difterent in this regard from any ease in which a large per¬ 
centage of drop is occasioned by the passage of the current 
through soine rheostatic resistance. We can with this arrano-e- 
uient say until positiveness that if we produce a certain defiinte 
held in the generator, which means if we place our rheostat at a 
certain dehnite contact, the voltage of that generator will be 
hxecl, and^ hence the voltage supplied to the motor armature in a 
constant held will be fixed, since the speed of the motor will 
be in proportion to its counter-electromotive force, and therefore 
practically 111 proportion to the voltage of the generator in the 
system, ihe speed of the motor becomes definitely fi.xed, and 
there will- be a dehnite speed for each position of the generator 
held rheostat, and this speed will not be dependent, as would be 
the case with the rheostat controlled motor, upon the torque of 
the motor, but on the contrary will be practically independent of 
the torque, feince the motor field is entirely independent of the 
armature current it is possible to obtain a speed which under 
all conditions of load will be exact and precise, and hence any 
desired speed over the entire range from the slowest motion to 
the full speed, can be readily maintained. Another point which 
IS ot great importance and is peculiar to this arrangement is, that 
It IS quite easy to control the speed not only in accelerating the 
speed, or maintaining the speed, but also in retarding the s^d 
01 stopping the motor, as. the motor will instantly become a 
generator in ease we lower the field of the generator so that the 
voltage of the generator would tend to fall below that of the 
motor. In the case of the application in question, where there 
IS a very large weight, if it is in motion at a certain speed and it 
is desired to reduce that speed or bring the motor to rest, a very 
rapid but extremely gradual retardation of the load is effected by 
the insertion of resistance in the generator field which drops the 
voltage ot the generator below that of the motor. The motor 
consequently becomes a generator and sends a large current 
pound the armature circuit in the reverse direction, thus tend¬ 
ing to increase the speed of the prime machine, formerly the 
generator, now pting as a motor, which in turn delivers' that 
energy to the original source as useful energy. One point that 
i think perhaps may not be evident, hut is of importance, is that 
m the acceleration or retardation of a large mass, the very best 
results can be obtained when the force which is going to cause 
the acceleration or the retardation, is produced in such a manner 
toat the energy is in proportion to the square of the velocity. 
Ihe action of a ship coming to rest in the water,, as we all know 
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is extremely smooth, and when the ship does come to rest in such 
a way we clo not feel any such eifect as tending to fall forward 
or backward ; oiir motion is retarded in such a manner as to be 
entirely natural, and the action of the water opposing the mo¬ 
tion of the ship and comparable to the torque, is such as to be 
proportional to the square of the velocity. In the electric cir¬ 
cuit as it exists in the armatures, joining the generator and mo¬ 
tor in question, the speed is proportional to the volts, and the 
relation thus obtained enables one to get an acceleration and a 
retardation which is comparable to that which is met wdth in the 
case I have described, and it is impossible to secure by the ordin¬ 
ary methods any such smoothness of stop. As 1 think has been 
very clearly brought out in a great many papers in connection 
with the braking of trains, the torque of a mechanical brake is 
greatest at the time when the speed is lowest; wdiereas for 
proper retardation the braking effect should be very much 
greater at the time when the speed, and consequently the 
momentum of the load, is highest, and the braking effect should 
taper off rapidly as we come towards rest, wliich- is exactly the 
reverse of the conditions which are met in a mechanical brake of 
the ordinary kind. This is familiarly known to us from the 
fact that a man on the old form of street car could, when he was 
bringing tlie car to rest, jam his brake strongly vrhile the car 
was going pretty fast; but in order so make a smooth stop must 
necessarily greatl}^ relieve the brake as he came toward rest, or 
else the stop would be very disagreeable. 

I am not familiar with the exact details of the arrangement 
for the BrooMyn, The installation was made by the General 
Electric Company, wdio are licensees under my patents, and I 
never have myself seen the installation on the ship, but it is 
practically as I have described as regards the electrical condi¬ 
tions. Of course, it is a great source of pleasure tome to find 
that the system is working so successfully, and while it of course 
does not surprise me, I think the perfect operation of the sys¬ 
tem will probably surprise a good many of the people who 
have thought in the past that the system could not possibly 
have the features of simplicity and perfection of control, both 
in acceleration, retardation and reversal, that I had claimed for 
it. As peidiaps a good many may remember, it was thought 
by those who criticized the system that necessarily difficulties 
and insuperable difficulties would be met, as regards the spark¬ 
ing of the generator; but in a well designed generator of mod¬ 
ern type no difficulty of this character is met with. Quite a 
number of members who have discussed this system before 
the Institute in the past have thought that while it might have 
some points of advantage, that it practically was equivalent in 
its effects to a rheostat control, except that the power that was 
wasted in a rheostat was saved, and also that a good many, and 
perhaps all of the effects of the system could be accomplished 
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by means of a series-motor, or perhaps some form of compound 
motor, but this is not correct, as tliere are peculiar effects in 
this system which are not met with where anything equivalent 
to resistance is introduced in the armature circuit, or where any 
material disturbance occurs in the field of the motor that is being 
controlled. 

1 am sorry to note from the most recent reports that the de¬ 
cision of the parties in control of naval affairs seems to be un¬ 
favorable, as regards the use of electric motors except for the 
turrets; hut it seems to me that with such evidence as is being 
forced upon their attention by papers such as this, that in a 
very short time the electric motor, with its advantages manifest 
to all of us, will take the place of the steam motors for the 
auxiliaries. 

One point that has been touched upon by Mr. Greene but 
perhaps not emphasized as much as it might be, is the fact that 
there is a very wide diversity of efficiencies in engines of the 
same duty and the same size, and this is a difficulty which it 
seems to uie is always inherent in steam engines; there is not the 
same possibility of ready measurement of the power that they 
are consuming, and there is always the probability that some por¬ 
tion ot the engine may be packed too tight, or that there may' be 
some cutting, and we all know that it is reasonable to expect, if 
we have two 5-horse power motoi^s, for example, of the same make 
operating under the same kind of duty, that their performance 
would be uniform and their efficiency would be practically iden¬ 
tical, {:md that if there were by any chance, conditions that made 
the efficiency of one poor compared with the other, that it would 
be a matter of the simplest kind to make a measurement in a few 
moments that would show conclusively by the ampere-meter the 
difficulty that existed and immediately locate it, and thus save a 
waste of power which would be likely on the othei' hand, to 
go on indelinitely in steam engines. I thank you very much 
for your attention. 

kuoF. Elihu Thomson :—I happened to make a trip about two 
or three months ago to Washington for the express purpose of 
convincing the department, as far as I was able to, that electricity 
was the only thing to use on shipboard, in place of these numer¬ 
ous steam plants. As I thoroughly believed that to be the case, 

I made the best plea I could of course. I found, however, that 
in one of the departments especially, there seemed to be an idea 
that we should move slowly ; do one thing at a time and test 
what we had done before leaping in the dark. That might be a 
rational estimate of the situation coming from one who probably 
had not looked into the comparison between these various sources 
of power and electrical power. However, I am perfectly satis- 
lied that the time is short when it must come about that an 
electric equipment, on account of its numerous advantages, will 
be adopted for practically all of this distribution of power aroimd 
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a sliip^ jxist as it is being adopted for the distribution about a 
large city. The reasons are even more cogent in the ease of a 
s ip wlieie the coal consumption is a vital factor. One cannot 
iook at the tables ])resented by Mr. Greene, without seeing the 
enormous coal consumption of some of those small powders, and 
yet 1 know it also as an experimental fact, that engines as small 
as jonr horse power can be made to develop a brake horse power, 
^o indicated on about 20 pounds of water per horse powder 
loiir ; tliat engines probably of larger capacity can be made to go 
veiy tniicli below tins, and those engines will be simple, non- 
condensing engines, nncompounded.' JNow I make that state- 
ment advisedly because 1 have been experimenting for a year in 
tliat direction. Engines of this kind can be turned out ‘in any 
machine shop wdthoiit any particular difficulty, being as easy to 
make as any simple engine. I find curiously enough that after 
<3oing a considerable amount of work in this" direction, M. Ser- 
poJlet of Paris has recently’^ published a statement concerning a 
steam engine as applied^ to horseless vehicle wmrk, and I tind 
lurther that his engine is about the same as mine. This goes to 
show that we have been thinking pretty much in the same 
groove. I need mske no secret as to what the engine is, because 
-M.. feerpollet has published it, although of course our patents are 
landing. But it is so simple that it is astonishing that some- 
thing of the kind has not been used or at least experimented 

takes over twenty pounds per horse power_ 

and zndioated horse power as noted in that table—(referring to 
Mr. Greene s tables) in the main starboard engine, and we 
can do as well with a non-condensing simple engine of four 
horse power, we have certainly done something worth wdiile 
JMy reasoning was this: that the gas engine is an efficient engine 
and that I must run my steam engine on the same principle of 
the gas-engine. In other words, 1 must imitate the cycle of the gas 
engine in steam, and then I would get high efficiency, with other 
advantages. If 1 represent an ordinary steam cylinder as 
an open-ended cylinder in Fig. 1, and put a piston p in 
that cylinder, well packed by rings, and either use a straight 
piston rod and guides in the ordinary way, or the connecting rod 
R jointed to the piston, we have the type of engine as it stands., 
^ow instead of reversing the motion of our steam as it enters 
back of the piston and throwing it back to the heated surfaces in 
exhausting, we are careful never to throw it back, but always let 
it go forward. We make an exhaust consisting of a number of 
holes uncovered by the piston at the extreme outward portion of 
its stroke as at e. The piston is moving slowly when it is out 
here near e and there is plenty of time, if the holes are made 
around the piston, to discharge all the steam. In order to use 
the steam superheated so as not to burn the valves or iniure the 
engine, and we use somewhat superheated steam, or quite dry 
steam, we simply have here a poppet valve v which is raised by 
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proper valve mechanism in time with the rotations of the crank. 
Ine steam supply pipe from the steam generator is at s. Now 
let us see whac we can get in this engine. In the first place let 
us suppose tne engine cylinder has been exhausted of steam at e 
TO atmospheric pressure. If we construct an indicator diagram, 
rig. 2 , calling base line atmospheric pressure, we reacli the end 
of our stroke at c. instead of letting the piston go all the way 
up to the end of the cylinder we can allow a dearance space 

which represents the clearance space in a gas engine. We can 
bus allow a certain compression; and the compression can nearly 
equal the boiler pressure, or it may fall below it. This seems to 
make but a slight difference. We have, therefore, adiabatic 



Fig. 1. 


Fig. 2 


e 


. compressioii with a slight heating during the compression liuealoug 
e n, rig. 2 , because the steam left in the cylinder is beino’ driven 
up towar^ hot surfaces, those that have been heated by'^the live 
steani. Then we have valve v opened suddenly, and pressure 
rises to boiler pressure y. The valve v stays open but a very 
short time, and expansion takes place from o to The diagram 
resembles a gas engine diagram. What is left in the cylinder is 
again driven up and compressed. Now what is the result? 
Ihere IS a tmperature gradient from one end of the cylinder to 
tbe other, ihe steain always coming in hot, cools off by ex¬ 
pansion ; by the time it gets to e it is ready to go out. It sweeps 
out all water of condensation—-explodes it out or blows it out. 
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and what Steam is left in. the cvliiuier is driven ])ack on hot 
surfaces, dried, superheated; the poppet valve opens and makes- 
as it were an explosion of steam ; remains open but a small time 
and expansion brings the pressure down again and so on. The 
engine with four cylinders, in diameter, 3"' stroke has given 
the result of pounds water per horse povrer hour. 

Mr. Greene: —AV hat steam pressure ? 

Prof. Thomson: —160 pounds, anywhere betwmeii 16(J and 
200 pounds.^ No doubt it can be made to run with higher pressures. 
There is no'question about that. It could be run on 3U0 pounds 
easily enough. The result of it would be that if we needed engines 
to equip boats very rapidly in case of a war we could turn such 
engines out in a very short time. We need not wait to make 
elaborate compound condensing engines. This small engine does 
not condense at all; the escape is outwardly to the air. We 
made careful brake tests, driving a dynamo and loading the 
dynamo, and against the results of test is the transmission by a 
chain and the bearing on which the dynamo ran. That is, we 
really ought to allow about, five per cent more, which would 
bring the steam down to about 19^ pounds per brake horsepower 
hour. With a large engine I see no reason why it should not go 
down to something like 15 or 16. Surely we ought to gain 
something with increase of size. But notice the conditions. The 
conditions are such that there is no redraversing of passages, no 
re-traversing of even the cylinder portion. The steam enters, 
goes forward and out, and it is running steadily forward, so that 
we do not have any of those inter-actions that use up energy. 
We have a temperature gradient from one end to the other of 
steam cylinder. We use superheated steam, highly superheated 
if we please, because the engine is like the gas engine which can 
use flame. We have run it at all degrees from moderate super¬ 
heating up to red heat. The engine has been operated with the 
steam pipe red hot right up to the engine, but our tests were 
made when it was at a moderate superheat. 

Mr. Townsend Wolcott :—I would like to ask Prof. Thomson 
if there is anything equivalent to variable cut-off in this type of 
engine. 

Prof. Thomson :—Yes; we have a variable cut-off, although 
we usually run it at full load with a very small time for feeding 
fiteam. In starting, we of course give steam during a good 
portion of the stroke of each of the four cylinders. In order to 
get continuous torque in this case, we give it for about two-thirds 
of the stroke. 

Me. Wolcott :—One of the chief drawbacks to the ordinary 
gas engine is that there is very little speed regulation, and then 
when running too fast a stroke is lost and it don’t take gas on 
that stroke. 

Prof. Thomson :—There is no difficulty whatever in this case. 
We have in fact a variable cut-off arrangement whereby we can 



1899.] 


D[SCUS,^10N IN JVHW YOJRK 


25 


gi \^0 a little more or a littl© less stcfiui or run on coiiipressioii 
alone for a few revolutions. 

lifEirr. Wallino :—1 have listened with much pleasure to the 
iiistriicti VO paper read before the Institute this evening, and 
being liere in the capacity of a listener, without expectation of 
taking* any part in the discuHsion, my remarks on the subject of 
the lecturer s paper, a subject with Which I have been intimately 
assoedated for the past two years, must l)e more brief than 1 
sliou 1(1 desire. In all the discussions whicli come up regarding 
electrical Installations on hoard ship there are a groat many 
things to ho considered that 1 do not think are understood in 
commercial life, for electric appliances of all kinds have their 
severest tests in naval installatioji. 

In regard^ to the J/ 2 ;/yov/;yW/A‘ and tlie use of steam and coal 
for auxiliaries; we have made several tests on hoard ships on 
dynamo engines tor water ('onsnniption. I am not aware that it 
is known to the iNSTiTirnc but we have gone tlirongli a lon<>* 
series of types of engim^s each toaiding* tovnird better"efficiency 
and urc^ now using the tandem (*ompoimd. We arc now gettino^ 
an etliclen(?y o{ about 21 pounds per indicated horse-power 
and^ about d>0 to ^2 per kilowatt Innir. We started out with 
engines that I think nnist hav(^ on original tests, given about 65 
]30iin(ls per indicated horse-powcu*, and have later come dovvii’to 
about 48 on the improved typas. Tht‘ j\fijme(fp(/i\s Imd pistons 
that vvere imt packed and wore badly. They were of rather soft 
material. The stejim short-circuited from one side of the piston 
to the other. In a sitnilar type of engine, almost the same type, 
used on the IlarhkluHul^ there was 125 ])er cent, increase in a 
porio<l^ of two years. on (*annot get good coal ecomjmy witli 
that kind of an engine. Wo repaired the itiuUekeacIs engines, 
packed the ])iKtons, and have never liad any like trouble since! 
We^took.the matter up then with the cmnipany which made the 
engines. They have since j)ackcd ]listens and their engines have 
done very well. 

Tlie case of the MjiMe.heiuV engines has been re])eated in a 
number of ships and, until I heard the data given in this jiaper, 

1 was not aware that the ecamomy of other 'auxiliaries had ever 
been efFectually tested. 

The installation of electrical appliamms for working all anxil- 
iaries on boarcl ship will, I think, he very general witlnn the next 
two years. There are, however, two tyjies which we will be 
rather slow in changing from steam drive, namely, the anchor 
gear-windlass or capstan—and the steering gear. ' It is still a 
(piestion as to the availability of motors for their use. Motors 
will answer for most of the uses in (ioinmercial life; hut for 
anchor use, when a ship is pitcdiing badly in a heavy sea and her 
anchor must be weighed, the motor may or may init be reliable, 
and we cannot take the chance that it may not. It is mainly a 
question of application. WTth steering gear a Bimilar condition 
obtains from the ^‘kicking’’’ of the helm in heavy weather. 
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Tlie question of volta^S^e has been mainly one of insulation and 
loss in searchlight rheostats: the comniercial practice of placing 
two arc lights in series having some undesirable features on board 
ship, mechanically, and in the intended use of the searchlight 
itself. 

Ship grounds, -whether the wire be in molding or conduit, are 
frequent and troublesome and therefore low voltage is desirable. 

We are using pure rubber and vulcanized, in addition 
to tape and braid, on our branch conductors of ]No. 14 b. and s. 
wire and still have difiiculties with insulation even at almost 
double the Underwriters’ specifications. It is particularly the 
case with bell wiring, which, though not so well insulated, con- 
tin-ually requires repair. The interior communication system of 
the jYew Yor'k is now badly grounded after a carefully covered- 
in installation by the Cramps. 

It is a curious fact that low voltage is a characteristic of all 
navies. We use 80 volts and it has been adopted by Great 
Britain. In other navies 65 volts is the more common pressure. 
While it V70uld be perhaps more economical to use 250 volts, in 
vie-vv' of increased motor use and commercial rating of machines, 
I hardly think it will ever be adopted, although we are now in¬ 
stalling the new battleships Kentucky Kearsage at 160 volts, 
on. the three wdre system, preserving 80 volts at the lamps and 
connecting the motors across the outer mains. 

As for conservatism in the naval service, I think it wnll be- 
found that apparent delay in what is regarded as progress in 
electrical work is mainly attributable to a desire for the best 
obtainable product and standardizing it when found. In the 
vexed question of wire we have endeavored to introduce that 
which would, be sound and acceptable as the best construction. 
We are now endeavoring to get a standard incandescent lamp 
and legalize candle power on the lines of good construction and 
careful test. Government appliances should in my opinion be a 
standard of reference, from up-to date scientific requirements,, 
and, to ensure accuracy, the standard result must be obtained 
carefully, which necessitates time and experiment; and 'we should 
be slow to adopt apparatus which will subject us to wmll-grounded 
criticism on faults of specification. This'must apply particularly 
to the adaptation of electricity to power when we must take the 
conditions of the ship where weight and space and vibration, to¬ 
gether with insulation and water tightness, are no mean or 
lightly-to-be considered factors as regards the device and con¬ 
struction. 

Capt. John Millis :—Although belonging to a branch of the 
service whose duties afloat are quite limited, I am much inter¬ 
ested in this subject in a general way. There were three points 
that occurred to me concerning which I think Commander 
Greene can enlighten us. I understand that all these installa¬ 
tions on board ship are direct current installations. Gf course- 
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we understand the limitations as to distances of transmission on 
board of a man-of-wai% but it seems to me just possible that, in 
view of the peculiar conditions, it might be advantageous to 
make some applications of the alternating current system, or o£ 
the polyphase system on shipboard, and I should' be very glad 
to have some points with reference to this suggestion. 

^ As .has already been brought out I understand that the ques¬ 
tions involved are very largely in respect to getting very heavy 
wey^hts in motion and of stopping them. That is, those"consid¬ 
erations are of great importance in the handling of turrets, in 
ammunition hoists, in the steering gear to a certain extent, and 
perhaps in other applications with which I am not familiar. 
There is also the question of different voltages and of transforma¬ 
tions, so that it seems to me possible that there might be sorae- 
held for the alternating or polyphase system, although of course, 
in a form quite different from conditions ordinarily met with in 
commercial applications. 

The second question is of a military nature and one which 
most of the gentlemen present are perhaps not very much inter¬ 
ested in, but I recall seeing some reference to the use of search¬ 
lights at Santiago. I understand that in the operations there, the 
defensive use of searchlights was demonstrated, and it has- 
even been said that Admiral Cervera’s fleet did not come out at 
night on account of the confusion that it w'as subjected to by the 
sem'chlights of our cwn vessels lying outside. If that is correct, it 
will have an important bearing on our shore defenses, and the 
question arises as to whether it would not be advisable to install 
a large number of searchlights in these defenses, not only for 
the purpose of discovering the enemy—which is the principal 
object of the searchlight as it is now employed—but also- 
for the special purpose of confusing him after’ he has been 
discovered. 

The third point is in reference to the personnel on shipboard. 
We find in the military service a considerable difficulty in thi& 
matter. Unfortunately in time of peace men are not induced to 
enlist from patriotic considerations alone, and other considera¬ 
tions are not always specially inviting; and the line of promotion 
is not all that might be desired. The commercial demands for 
men who are skilled in a mechanical way or in an electrical w-ay, 
are generally more inviting than anything that the military ser¬ 
vice offers, and the skill of the enlisted man is not always of the 
highest oiffer. Possibly there is in the navy some more enlarged 
system of promotion, a larger number of non-commissioned or 
warrant positions, offering greater inducements for the enlisted 
men, which Commander Greene could enlighten us about. 
These considerations have a very important bearing on the ques¬ 
tions which we are now dealing with in the military service. 

Mb. H. L. Holbrow —In such an installation as Mr. Greene- 
speaks of, the electric plant becomes a most vital portion of the* 
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ship, and in the navy where the liability to dainas;e or destruc¬ 
tion is great, it might be advisable to duplicate the plant, each 
portion being in a distant part of the ship. This would not be 
necessary in the merchant service, howevc*]*. Mr. Greene’s esti¬ 
mate includes si.K machines. Should a division of the plant be 
decided upon, it would be good practice to place four machines 
in each portion. This would increase the weight by one-third. 
A rather undesirable feature. 

Many of the gentlemen here this evening are perhaps not 
familiar with the personnel of the navy, and consequently do not 
know the kind of men that would be placed in charge of such a 
plant. I served in the navy as an electrician during the summer, 
and of course was brought into contact with many of these 
men. The apparatus aboard ship is managed by the gunners 
mates, who hold I'atings as chief, first or second class petty offi¬ 
cers, and receive salaries ranging from 35 to 55 dollars per 
month. They are trained for their work at the gunnery school, 
where I believe, thev spend one year in studying the construc¬ 
tion and handling of guns, and the management of dynamos. 
The greater part of this time is devoted to gunnery, so that very 
little can be devoted to the electrical portion of their work. 
Should one of these large plants be immediately installed, it 
would probably sutfer for the want of trained management. How¬ 
ever, as these changes will in my estimation he a matter of 
gradual development, the government will be able to train and 
supply men for this particular work as the occasion requires. 

Mr. T. Commerford Martin .-—There are various points in 
Lieiit.-Commander Greene’s paper which, it seems to me should 
not pass without some comment and possibly explanation. 1 
was somewhat struck with the reference which Mr. Greene made 
to the inefficiency of telephonic service on board men-of-war. I 
must confess that that intimation comes to me somewhat in the 
nature of a surprise, just as the later intimation did of the failure 
of electric hells ou board ship. It may possibly be due to the 
fact that this expert work in bell-wiring and telephony was done 
by the Cramps. I had not heard of them previously as particu¬ 
larly expert in that direction, as they are in others, and do not re¬ 
member at any time having found it within my province to com¬ 
mend them for their skill in electrical work. It is possible that if 
this work were left to those who know something of bell wiring 
as such—I mean as an art. not merely as an industry to be ac¬ 
complished at^ the lowest price possible that the work can be 
done for, and if the telephonic work were left in the hands of 
those who are competent to handle telephonic apparatus,—there 
might he better reports. It is possible, however, that Mr. Greene 
has been misinformed as to telephonic work on board ship, and 
this possibility is somewhat borne in upon me by a little exper¬ 
ience of my own recently in pursuing an inquiry*'with regard to 
'electric range finders. It was announced somewhat early in the 
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'war, and soon after one or two of the actions or engagements had 
taken place, that the electric range tinders wei’e no good, that 
they Lad collapsed, they had failed, could not be worked. I im¬ 
mediately started out to get a little information upon that sub¬ 
ject. It was somewhat difficult at that stage of the game ; all 
those who had anything to do with it being still too busy fighting, 
and not yet writing magazine articles on the subject. I did all 
I could howe?er, to find out whatever was possible from our fleet 
in Cuban waters, but not eliciting any information in that 
quarter, I wrote out to Manila, to my friend Bradley Fiske, told 
him what I had heard, and expressed, as I naturally would under 
those circumstances, my doirbts as to the accuracy of the informa¬ 
tion. His heart warmed toward me, and he wrote back very 
fully on the subject, and said that so far as he had heard he did 
not know just where those things had been tried, and would like 
to know, and asked me to go on and investigate further. I did 
so until at last I landed somewhere in the Navy Department, and 
there is at my office a statement from one of the bureaus—I will 
not attempt to distinguish it—stating that as far as it knows, not 
a single ^electrical range finder was in service during the late war. 
Hence, it seems to me that the slight criticism which Mr. Greene 
conveys by that remark in his paper is hardly justifiable under 
the circumstances, and 1 venture to believe that if the inquiry 
could be pursued right down to the closest detail, we would find 
that telephones also are a pretty good thing on board ship, and 
that all that is needed is that the wiring shall he done e.xpertly 
and properly, and that the wires, the bell wires for e.xample, 
should not merely have the insulation which our friend lieuten¬ 
ant Walling has described, but might possibly go through tubes 
which would more or le.ss protect them from the action of salt 
water and sea air. The whole thing simmers dowm to the diffi¬ 
culty the navy has in retaining the men who have mastered the 
details of electrical appliances. They are not willing to stay in 
the service. If the navy could retain those men I think we 
should have great unanimity in the navy as to the desirability of 
electrical apparatus. But the trouble of it is the electrical men 
won’t stay in the navy. We have a distinguished instance here 
on the platform to-night, and as long as the temptations for tal¬ 
ent and ability are such as the larger field ofliers, I am sure no¬ 
body can blame them. We are all glad to have them on shore,, 
although I did hear a man complain the other day that the naval 
men were getting all the large jobs, even down to the consultation 
of the Third Avenue Railroad. 

One of the events of the late war in connection with the work 
of electrical apparatus, struck me particularly, and it is a field in 
which I think there is certainly room for improvement. After 
Admiral Dewey had sailed into Manila Bay and had presented 
Spain with the largest submarine fleet in existence, the cable 
being cut, we were absolutely at a loss; we could not com- 
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municate with that part of the world at all. Now, a navy that 
can cut a cable, certainly if it is worthy of the name, should haye 
the ability to repair a cable when it is cut. I am sure that we 
must all have read with feelings of despair and indignation some 
of the proceedings off the coast of Cuba, when men-of-war’s boats 
and launches and even larger ships, lay there exposed to the fire 
of the enemy which even once or twice did prove deadly and 
were sawing*and see-sawing and hacking and chopping at those 
poor, unfortunate cables and trying to cut them ; whereas one or 
two old cable men under the guidance of such an expert as we 
have on the platform in our President would probably have dis¬ 
posed of the job in a few minutes. It seems to me if we are 
going in for a navy, and if we are going in for expansion, the 
very"first thing that our navy will have to do will be to provide 
itself Avitli an equipment of that character. This little fact has 
verv much impressed itself upon me in the last week when the 
navy decided that in order to protect our interests in the Philip¬ 
pines it would be necessary to connect the various islands together. 
As far as 1 am aware there is not a single man in the IJnited 
States navy to-day who is in anywise competent to conduct or con- 
tral those 'operations, and the result is that we have to go to Eng¬ 
land, and I understand that English talent has already been hired 
by our navy to go out to Manila and do that work. I am glad 
to know that we are buying the cable in this country, but I be¬ 
lieve that all the auxiliary apparatus, without exception, is being 
ordered by our navy to-day from England. Personally I am one 
who rejoices from the bottom of his heart over the Anglo-Ameri¬ 
can alliance, and 1 like to see that we can depend on oiir good 
English friends for assistance of that character. But I sliould 
feel far more delighted if I knew that we could depend on our 
own resources for work of that kind in this country, and that 
such resources were at command in the service of our navy. 

Mr. JohiV W. Lieb, Jr.:— I think the figures which the 
speaker of the evening has presented to us, are of very great im¬ 
portance to central station men, particularly as the problems 
which they have to meet in the mechanical conduct of the sta¬ 
tions are not altogether dissimilar to those met on board ship. 
The problem of electrically driven auxiliaries versus steam driven 
auxiliaries is of quite as pressing importance from the central 
station point of view as it is on board ship, and 1 think it would 
possibly cover a point not previously referred to, if one or more 
features connected with the difficulties of auxiliary drive by 
electricity were pointed out. In the tabulation we have before 
us, one advantage of steam drive certainly as applied to central 
station practice, probably also as applied to marine practice, 
does not appear. If from a central station, assuming it to bo 
a condensing station with electrically driven auxiliaries, air in 
circulating pumps driven by electric motors, boiler feed pumps 
driven by electric motors, drip water pumps driven by electric 
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motors, an important problem arises—the heating of the feed 
water with the exlianst steam, and boiler feed pumps driven bv 
steam. Where condensing apparatus is used, au.xiliarj feed 
water-heaters are available wliich are important in enabling 
the exhaust from the auxiliary steam driven apparatus to be 
utilized in heating the feed water. Tltis is an important matter 
for every station, and I presume it would be the same ease some¬ 
where on board ship. Exhaust steam which returns to the 
boiler and from which- part of the heat units in the steam used 
for steam drive, is not obtained from .such sources; it must be 
provided for in another manner and at a considerable cost. This 
saving has not been raentioued a.s an element of advantage in 
the steam drive, and should certainly be brought forward in a 
full and fair presentation of both sides of the (jiiestion. I 
would like to add one more point, and that is the point of 
flexibility of control. In such important elements as turret 
turning, the installation of systems, such as Mr. Leonard has 
described, become important, and the extra apparatu.s required 
and the additional expense, is warranted by the importance of 
the apparatus to be controlled, and also by the fact that units 
are small in number. But when it comes'to controlling a num¬ 
ber of pumps, electrically driven boiler feed pumps, air and cir¬ 
culating pumps, the difficulty of getting a sufficientlv wide range 
by rheostat_ control or the limited control given by field rheostat 
becomes of very considerable importance ; and 'where electric 
drive is reserved for boiler feed pui'poses, it is often necessary 
to run the pumps driven electrically at practically constant 
speed, and do the regulation by a steam driven pump; or when 
the electric unit becomes too large to handle the power plant at 
full load, it is necessary to resort to the steam driven pump to 
get a sufficiently wide range of regulation and control. 

I was very much interested in the presentation by Prof. Thom¬ 
son of his experiments in connection with the reduction of steam 
consumption in small steam motors. It is a subject which is ex¬ 
tremely interesting to me, and while to discuss it thoroughly 
would_ lead me too far afield, I just wish to refer to certain ob¬ 
servations which I had the opportunity of making last summer 
while on a trip abroad. The question of the use of superheated 
steam has passed from the stage of theoretic consideration to the 
stage of application in practice. Among the most prominent 
advocates in the use of superheated steam is Prof. Schmidt. 
The results that he has already obtained are surprising. I have 
seen tests conducted by German experts on similar engines of 50 
and 60 horse power where the steam consumption is below ten 
pounds. Of course, in handling steam superheated 500° or 600“ 
Pahr., new problems arise, which I will not undertake to discuss, 
but simply point out the novelty to some extent at least, we 
might call it, the novelty of the use of poppet valves for the 
■steam admission, the point referred to by Prof. Thomson in his 
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discussion. -No’ doubt the use of superheated steam will be a 
matter which we will hear much of in the very near futui’e, as 
indicated by the enormous progress Vv^hich has been made in its 
application abroad. 

Caft. Millis : — If I may be pardoned for one word further— 
I think we are all ready to concede that the United States navy 
does not need any defense at this time, but the remarks which 
the gentleman made on the subject of cable cutting recalled to 
my mind the fact that 1 saw a section of one of those cables that 
were cut on the south shore of Cuba during the late war. The 
shore there is extremely bold, and great depths are found close 
into shore, The section I refer to was of shore cable. It was 
about ?Ni inches perhaps in diameter. It had a double armor of 
st^el wires. The outside wires were nearly as thick through as 
one’s little finger ; and, although I am not prepared to state that 
the cut which I saw was the cut which they made, it is natural 
to suppose that they made the shortest and cleanest cut it was 
possible to make under the circumstances. I understand they 
grappled and raised that cable from a small boat. They were 
under tire, several of the men ^vere wounded, and I think one or 
more were killed while they were hacking and sawing at this 
cable. They finally succeeded in getting it separated. I have 
had considerable experience in handling submarine cables of a 
good deal smaller size than that, but I never attempted to cut 
one under the fire of Mauser bullets, and I do not think that the 
most skilled civilian electrician not accustomed to militaiy disci¬ 
pline could have done any better than those men under the 
circumstances. 

With regard to the repair of the cable running to Manila, it is 
a military principle—I suppose also a naval principle—that 
means of communication with headquarters in case of operations 
of that kind are sometimes very necessary, and very valuable 
and very desirable. Under other circumstances it may be better 
to have the cable thoroughly and efiectually cut. 

Mr. T. Commeeford Martin : — I hardly think that it needs 
any avowal from me that I would be the last, or certainly among 
the last, to reflect for one single instant in thought or word upon 
the glorious valor of the men who put themselves under fire to go 
through such an operation as that, and I know that had our friend 
Capt. Millis himself been there the operation would have 
been just as successful as it could be with the resources and 
experience which he has at his command. At the same time I 
would like to say that I have heard criticism and comment made 
both by oflicers in the navy and by those who are familiar with 
cable operations in the Atlantic upon the subject of that work, 
and they' have united in saying that it was an unnecessary and 
needlessly long exposure of the men who were unfamiliar with 
such work, and which would have been much better done had 
cable maps and proper resources and trained men been at the 
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disposal of the officers coiinnanding the squadron at that .time 
llmt was at least the point that I wished to make. I would 
like to_ einphasize what I have just stated in regard to elcc- 
ricity in the navy, and the fact that the men who know some- 
J It sbonld he in the navy, by saying I do believe 

that the remedy will come if one of the measures now before 
t -ongress happens to go throng-li—that which looks to the iniiti- 
cation of the line and the engineer officers. I think that is a 
step which we all look forward to with a great deal of hope, and 
wJucli we trust will very shortly be accomplished. 

Mk. JoHKPH Bijdr:—T here is one other point in connection 
with high voltage on board ship to which X should like to refer 
that is, regarding the use of searchlights. As a rule a voltage’ 
18 well adapted to searchlight operation when there is a drop of 
to volts between the generator and the arc. The arc is 
peculiar m being in unstable equilibrium, and its action is so rapid 
tliatita resistance either increases or decreases enoi'inonsly before 
any mechanism can adjust itself to take care of it. To over¬ 
come this difficulty, it is customary to insert an e.xternal resist¬ 
ance between the generator and the carbon terminal. This acts 
as an antoinatie regulator, without any time element. The 
inoment the resistance of the are becomes less, owing to some 
increase or the current and consequently of the cross section of 
the arc, the voltage at the carbon terminals falls, because of the 
increased drop in the e.xternal resistance, and the current comes 
back to normal value. If, on the otlier hand, the resistance of 
tlie arc tends to rise because its cross-section was diminished by 
some decrease in the current, the voltage across the carbons rises 
correspondingly on account of less drop in the e.xternal resist¬ 
ance, and the arc re-establishes itself. 

When you have adrop of 25 volts between generatorand arc voii 
have about the right amount of external resistance, to compensate 
tor the changes of resistance in an arc, bnt when you come to 
get a drop of 110 or 150 volts between generator and arc you 
have entirely dilferent conditions. Then, the regulating effect 
ot the external resistance is too great, and the arc surges up and 
(hwii slowly, and is atroublesorae thing to deal with, and requires 
different mechanism for its regulation. ^ 

At any rate, very little work has been done in that line with 
large arcs, and there is a certain amount of experimental work 
that lias to be done before searchlights can be siiccesfifully oner- 
ated on those circuits. At least such has been the case with 
other arcs where no difficulty had been anticipated, but when 
they were put on high-voltage circuits and sufficient resistance 
put in senes with them to bring the voltage across the terminals 
down to the proper point, the arc surged up and down in a very 
unsatisfactory manner, and considerable trouble was experi¬ 
enced. I mention this simply as tending to show that some 
experimental work must be done before introdneine hwh volt- 
Biges on board ship. ° ® 
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fn one speaker as 

electric drive for auxiliaries, either 
foi cential station or ou board slaps, it seems to me there is a 
point there that is overlooked. If we can use electric auxiliaries 
and get the power to drive those for saj 30 pounds of steam per 
biake horse-power as against 119 that it tk-es for the steam 
diiven auxiliaries, we have got there a matter of 80 pounds of 
steam per horse-power hour, which we can use if we wish to as 
hve steam to heat our feed_water. On the other hand, the only 
wai ot heating teed water is really to save some of the heat ii'i 

SiniD^T th?r” we are wasting by using non-condensing 
pumps, so that we would be in better mechanical condition tS 

feedTatef^’'V'''ru'^®”"“^^^ engines and then heat our 

teed watei in the boilers, or if we want to avoid the strain in the 

boilers, use a little ot the extra live steam we are saving to heat 
%; clriven auxiliault 

that I was opposed fo”elS^y''dn>en\uxdS^^ Tsimpl'y 

naSl'^/ there any further discussion on the 

?■ Gkeexe:—I want to thank the members of the 

society tor the evident interest they have taken in the paper as 
shown by the discussion which has followed, and which I can 
assure you has been most interesting to me. I have made notes 

^ *hink that some of arpchUts 

iai.-,ed have been pm-haps due to a little misunderstandino' First 
wi h reference to Prof. Thomson’s remarks abou the feo-h os’ 
sible economy of small simple steam engines, it right\n7ear 
tiom what he left unsaid, more than from what he safd that his 
remarks were in contradiction of his statement that the e ectr c 
drive was the only thing to use on board ship. S at once o7 

Thomson had in mind that 
laake^^^his th7m to obtain these econo’mies, 

Sip I do ?ot dhuk abso ute y impracticable on board 

_ Lieut. ’Walling, in referring to the improvement of the etfi 

SalV I Think aT^^^ gave, uninten- 

iionaiiy i think an erroneous impression that the engines b^ 

spoke of includ®du5(;^ the various auxiliaries; whereas I am auite 

sure that the particular engines to which he referred as havino- 

improved in economy were only those operating the electric 

generators. As I pointed out in the ease of the Ilmn^avolis 

there are between 30 and 40 auxiliary engines and h r^ 

many of them, as some other gentleman has alrearpo nted^nt 

the cnAtions of service .re Booh that they niust ineiS; be 11° ; 
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economical, giving a yerj low average economy as tliis test showed. 
I think Lieut, Walling has rather missed the point with respect 
to the anchor hoist or winch and the steering engines. It 
seems to me not a question of the reliability of the motor, 
but of the reliability of the mechanical ajpplication of the motor 
to the operating mechanism. I can illustrate this perhaps by 
reference to the experience on the great lakes in towing vessels. 
The introduction of tlie enormous barges carrying five or six 
thousand tons of ore has revolutionized towing, and the old- 
fashioned method, which still prevails on our coast, is laughed at 
on the lakes to-day. They found that the pitching, which is the 
condition Lieut. Walling spoke of, will snap any steel hawser. 
They now have a towing engine which automatically takes up 
the slack or pays out the hawser as the vessel pitches. I have 
seen tows of four and five of those vessels each carrying live or six 
thousand tons of ore in a heavy sea on the lakes,\vheii the cap¬ 
tain of an ordinary tow along our coast would have scuttled for 
harbor very quickly, leaving his tow adrift perhaps. 

I also question the difficulty of insulating for 160 or 200 volts. 
I do not think we need consider that seriously. That is to say, 
I for one am not prepared to admit, nor do I think that any man 
who has had^ experience in wiring^ is prepared to admit, that a 
piece of \viring work on board ship or anywhere else cannot be 
installed^ to give a liigh insulation resistance for 200 volts. I 
think it is largely a mechanical question. A great many of the 
troubles in the wiring of ships, are due to mechanical injuries to 
the cable. By mechanical injuries I refer not only to cuts and 
abrasions, but to the rapid deterioration of the insulation due to 
heat or oil. We all know the effect of heat and oil on rubber 
insulation. My suggestion, as a remedy for this difficulty, made 
a number of years ago while still in the service, was to run a 
series of ducts fore and aft in the ship while building,' with 
branches or risers,’’in every compartment, using these ducts 
simply as runways for the wires. I think it would be a great 
protection if that were done. 

Capt. Millis, I think, has suggested the possible use of alter¬ 
nating current apparatus on board ships, and I think that is 
quite possibly one of the developments of the future. One point 
which will have to be thoroughly worked out, is the control of 
induction motors under varying conditions of load and speed ; a 
•control which, as Mr. Leonard has very clearly pointed out, 
must be absolute and exceedingly ffne. If I am not mistaken 
the Brooklyn's turrets have been started and stopped thirty 
times in 3 inches of arc. 

Lieut. Wallino :—Thirty-seven times in a minute. 

Me. Greene That gives you the idea of the fineness of the 
control. That is the whole secret of pointing guns. The man 
has got to feel that he has absolute control of his turret or his 8'^^ 
or 12" gun; the nearer the gunner can handle it as he does a 
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riliej automatical!}^, so to speak, witlioiit liaving his eye dis¬ 
tracted from his sights, the better shooting will be done. 

With reference to searchlights, the point the gentleman last 
speaking made as to the arc not operating properly with a large 
resistance in circuit (on 160 or 20u volts circuit,) maybe entirely 
correct. I confess I have not had experience on that point; but 
if it is true, my suggestion would be, not to sacritice the rest 
of the plant, but to put in a separate machine for operating the 
searchlight. The searchlight circuits are run independently on 
board ship to-day. Install a separate machine for each of 
them; it would not need to be a large machine, nor would it 
have to be used very often. I quite agree with the suggestion 
that searchlights should be introduced largely in our coast for¬ 
tifications, and as a matter of fact a great many were introduced 
during the late war. But the conditions of use of the search¬ 
lights at Santiago were very different from those which obtain, 
for instance, oft* Sandy Hook. At Santiago, ships on the out¬ 
side were directing a beam on the entrance, not over a couple of 
hundred yards wide ; maintaining it there and lighting xip the 
entrance so brilliantly that vessels lying three or four miles on one 
side or the other of the beam of li^it could see a small boat 
distinctly at the harbor entrance. There is not the slightest 
doubt that if Admiral Cervera’s fleet had attempted to come out 
at night, it would have been discovered by our fleet as quickly 
as it was when it came out in the daytime. It is one thing to 
put a searchlight beam on a stationary object, when we know 
w^here it is, and keep it there. It is quite another thing to pick 
up a moving object, particularly a small moving object painted 
a “ war color,” not knowing where to locate it. I think in 
almost every case where torpedo boats have made practice 
attacks on war vessels, the latter attempting to defend thetuselves 
by searchlights, the torpedo boats have won; in other words, 
they have been able to discharge a signal rocket within “ torpedo 
distance ” of the ship before they were discovered. It requires 
great practice, and I know from personal experience that it is 
very difficult, to pick up even a comparatively, large vessel when 
you have got to look for her and do not know where she is, and 
you are sweeping the horizon with the arc. Therefore, I 
do not think too much stress should be placed on searchlights 
for fiiiore woik. Undoubtedly if the vessel is once discovered 
they are very useful in keeping her exposed as a target and in 
confusing those navigating the vessel. 

The question of properly trained men for the navy is purely a 
business problem. If you are operating a large central station, 
using triple expansion engines and large direct coupled units, you 
expect to have a better man in charge than in the case of a small 
station with simple engines and belted generators. The navy cannot 
expect to secure good men in time of peace for routine work unless 
they pay for them ; I think that tliey can secure a very excellent 



1899.] 


DISCUSSION IN NEW YORE. 


S7 


class of men if tliey raise tlieir wages on board ship, so that 
they are comparable, for instance, with those of first-class 
machinists who, if I am not mistaken, receive somewhere between 
$75 and $100 a month and tlieir rations, with no rent to pay; 
Fnele Sam gives them their hammock-space free. The amount 
of knowledge and intelligence required of men to handle elec¬ 
trical apparatus on board sliip is not excessive. Practical 
operating men are wanted; and if the navy is willing to pay 
for them, I have not the slighest doubt that tliey can be obtained 
and that they will remain in the service. 

It seems to.me that Mr. LieVs point as to the question of 
using the exhaust steam from the steam auxiliaries for heating 
feed water is, as the gentleman has pointed out, entirely covered 
by my figures, if they are correct. If the saving which I have 
indicated by these figures (and I think that I have been conser¬ 
vative) is correct, then no possible saving, such as Mr. Lieb sug¬ 
gests, can make up for this difference. I think the same is true 
of the auxiliaries in a central station, though perhaps to a less 
degree, because the conditions of operation in a station are less 
severe than on board ship. I know of one station which has no 
steam cylinders outside of the main generating engines except 
a reserve steam feed pump, and I think that the economy of the 
station, including the auxiliaries, compares favorably with any 
other station in the country. Of course, the load factor cuts a 
very important figure in central station economy. 

One gentleman has suggested that we should have duplicate 
plants on board ship. We might say tlie same thing of the 
boilers and the engines. I pointed out that if a plant for the 
auxiliaries is to be used on the scale suggested, we must consider 
it as one of the vitals of the ship, and it must be below the pro¬ 
tective deck, just as the boilers, engines and magazines are. If 
it is so located, I think that the chances of its being disabled are 
certainly no greater than the chances of the engines or boilers 
being disabled. The present practice in the navy is, to allow 
about one-third reserve capacity ; I do not think in a plant as 
large as the one suggested, 1,000 horse-power, it would be neces¬ 
sary to have so much. Possibly two spare units would be in¬ 
stalled instead of one, as I have suggested. 

I think there is a little misunderstanding on the part of both Mr. 
Martin and Capt. Millis as to the cable cutting off Cuba. I hap¬ 
pened to see some of that myself. A regular cable steamer 
was for several days cruising off Santiago, trying to pick up a 
cable, and General Greely was cabling from Washington every 
day, wanting to know why it Was not cut. The reason was 
that they could not find it, and the reason they could not find it 
was that the bottom was coral rock, covered with all sorts of 
tropical submarine growth; the cable was embedded within a 
mass of these coral rocks, and wdien it was finally raised it was 
found to be three or four times its normal size. ISTaturally this 
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cable steamer liad to keep out of tlie range of the guns in the 
Morro (hstle. She was grappling in 800 or 1,000 fathoms of 
water, althou^’h only tbree"^or four miles off the shore. That was 
a “professional" vekel with “professionar men on board. The 
men engaged in the cable cutting expeditions at Cienfnegos, as 
Capt. Millis pointed out, were obliged, in order to get the shore 
end of the cable to run in close to the beach, because the water 
dee])ens very rapidly there, as at Santiago. When the cable was 
once lifted and put on the rollers of the laiinch it was cut prob¬ 
ably as quick as anybody could have cut it under the circmn- 
staiices, and I think it was one of the pluckiest and bravest acts 
of the whole war. There was no excitement of battle about it; 
those men had to work under a steady fire from rifle pits, not 
100 yards away. 

Mr. Martin referred to my statement in reference to range 
finders and telephones. I was very careful about the^ language 
I used. I said there are devices, “ like the range finder and 
telephone, wdiich while of great utility, have not yet demon¬ 
strated that they can be relied upon at all times.’’ ^ I think the 
best demonstration of the truth of my statement is, that they 
were not used during the battles of Manila and Santiago. They 
are of great utility; we all know that, and all admit it. They 
were not used in battle to any extent because they were found 
not to be reliable or serviceable under these conditions. In the 
case of the telephone, it is not merely a question of the reliability 
of the instrument. A man may be stationed near a blower or 
near escaping steam, or among the many rattling noises on board 
ship, and any telephone is absolutely useless under such condi¬ 
tions. The telephones may he in perfect working order so far as 
their condition of electrical operation is concerned, but they can¬ 
not he used. Tlie same way with the range Anders. The range 
finders have to be placed at the end of a base line of known length 
on board ship; communication has to be maintained between these 
stations by telephone; not only between them but with the conning 
tower and the various indicators around the ship. I have no 
doubt that one reason why neither the telephone nor range 
finder were used more in those actions than they were, is because 
under certain conditions there is so much noise that it is- 
absolutely impossible to hear the telephone at all. Perhaps 
sometime we shall have enclosed telephone booths aboard ship, as 
we have on shore, and then it can be used at any time. 

The President —I think that I shall he voicing the general 
feeling and sentiment of the meeting if I extend to Mr. G-reene 
the thanks of the Institute for the paper that he has kindly 
brought before us. There is nothing further before the Insti¬ 
tute, and a motion to adjourn will now he in ordej*. 

[Adjourned.] 
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[Gommctnicated after Adjournment by Mr. George Hill.] 

Professor Eliliu Thomson's discussion of Mr. S. Dana Greene’s 
paper “ Electricity on Board Ship” presented at the meeting of 
January 25th, 1899, calls for a comment on certain statements 
made, which in the opinion of the writer are not borne out by the 
facts. The intimation is made that a simple single acting non-con¬ 
densing steam engine can be made by a slight change from the 
standard design as economical as a triple-expansion condensing 
engine. The principle of the change is indicated by Professor 
Thomson in the statement that I must imitate the cycle of the 
gas engine in steam, and then I would get high efficiency with 
other advantages.” The cycle of a gas engine as ordinarily 
understood is as follow’s : 

The admission of a certain amount of mixed gas and air during 
the forward stroke of the piston; the compression of this gas 
and air during the returning stroke of the piston ; the explosion 
of this compressed mixture at the instant that the piston begins 
to move forward, the sweeping out of the products of this ex¬ 
plosion on the return stroke of the piston, and the drawing in of 
a new charge of gas and air with the forward stroke beginning a 
new cycle. The cycle therefore occupies two complete revolu¬ 
tions, one of which may be called a working revolution and the 
other an idle one. Hothing in the engine described by Pro¬ 
fessor Thomson approaches this. In describing the action of 
the engine lie says “ now instead of reversing the motion of our 
steam as it enters back of the piston and throwing it back to the 
heated surfaces in exhausting, we are careful never to throw it 
back, but always let it go forward.” Such a statement seems 
very curious from so eminent a source; the steam must act ex¬ 
pansively; as a consequence the entire cylinder is filled with 
steam during the entire forward stroke at a constantly decreasing 
pressure and consequently a decreasing temperature. When the 
return stroke begins, the cylinder is tilled with steam at atmos¬ 
pheric pressure and this steam is compressed giving the com¬ 
pression line shown in Fig. 2. The entire cylinder being filled 
with ^team of a given temperature at the point of refease, it 
reallyinakes no difference at which end of the cylinder the steam 
is withdrawn. As a consequence, the engine is no different in 
principle from the Westinghouse engine. The steam consumption 
per horse-power hour seems very low, and would be remarkable, 
if it were ordinary steam at 160 lbs. pressure without superheat, 
but Professor Thomson states that superheated steam is used, with¬ 
out stating the number of degrees of superheat, which accounts 
for the low water consumption. If he had expressed the 
efficiency of the engine in heat units actually utilized, or in 
pounds of coal of a stated composition per horse-power hour, the 
result would have appeared very different. The available heat 
in steam at 160 lbs. gauge pressure, expanded to atmospheric 
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pressure is u. ir. per pound, eacli degree of superheat addiiio* 
to the available energy a considerable percentage, which pei^ 
ventage is greater than that due to an increase of one pound in 
pressure, but both require the expenditure of energy either by 
the consumption of coal or otherwise, and must be accounted 
for in stating the economy of the engine. Something too must 
be allowed for the fact that the engine tested was new, and prob¬ 
ably a great deal of pains taken to eliminate all waste. In con¬ 
clusion it would seem desirable to obtain much more data in 
regard to the engine and its operation before we flatter ourselves 
that any material advance has been made in steam engineerino' 
by either Professor Thomson or M. Serpollet. 

Xe\Y York, March 2tSth, 1899. 


[A Eeply by Prof. Elihu Thomson to Mr. Hill’s comments on 
his discussion of Mr. S. i). Greene’s paper on Electricity 
on Board Ship.”] 

I am too busy to enter into a lengthy discussion witli Mr. Hill 
oil the points raised by him, but will venture, for the present, 
the following remarks : 

My comments following Mr. Greene’s paper were made off¬ 
hand, and were not prepared in advance. They had necessarily 
to be brief, and nearly as possible to the point. I certainly did 
not intend to indicate that the best results of triple expansion 
engine practice were likely to be excelled by the simple form of 
engine which I described. But that the effects of simple engines 
could be made to approach more nearly the highly economical 
remits of more complex types is evident when it is borne in 
mind that our simple engine of only five and a fraction horse¬ 
power, in reality composed of four simple engines of little over 
one H.p. each, when tested, gave results in water consumption 
not greatly differing from those of tests of engines of hundreds 
of horse-power in compound condensing types. A factof^in the 
cost of power is interest, wear and tear and depreciation, which 
are manifestly the less, the simpler and cheaper the engine, 
other things being equal. Mr. Hill finds fault with my com¬ 
parison of the cycle of the small engine with that of a gas 
engine, seemingly ignoring those types of single cylinder gas 
engine which make one explosion every revolution. He must 
admit, however, that in the simple engine, an action is produced 
every revolution which in the type of gas engine he selects for 
comparison is only produced for every other revolution, and 
that in consequence the simple steam engine described has the 
advantage of less friction and negative work. Besides, I was 
speaking only in general terms when I referred to the gas engine 
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cycle, and merely as an assistance to the understanding of the 
actions in the simpler engine itself. 

We have indeed to be thankful that:—“Nothing in the 
engine described by Prof. Thomson approaches” the idle revolu¬ 
tion of the four stroke cycle of the gas engine. I am surprised 
at Mr. Tlill’s not understanding what was meant by the state¬ 
ment I made in the words; “throwing it back to the heated 
surfaces in exhausting,” etc. He has totally missed the signifi¬ 
cance of the words “m exhausting .Does he find that the 
steam goes back to the hot end and out of that end in exhausting? 
It does go back (what amount is left of it) in compressing. This 
is so plainly evident as to need no discussion, and it is cer¬ 
tainly not a bad feature. It is not a wasteful process, surely. 

Does Mr. Hill really think, and can he truthfully maintain 
that “it makes no difference at which end of the cylinder the 
steam is withdrawn^ If one end is hot, as heated by the in¬ 
coming steam at high pressure, is it economical to discharge 
steam, cooled by expansion and delivery of energy to the moving 
piston, at the liot end, and so allow the steam in exhausting to 
run away with useful heat What a beautifully wasteful pro¬ 
cess is that which involves the admission of steam between or 
over surfaces which have just been bathed in cool steam (and 
perhaps condensed water) leaving the cylinder. I freely admit 
that the fact of the use of superheated steam, has perhaps some¬ 
thing to do with the low water consumption shown by repeated 
tests, and preparations are being made to test a much larger 
engine of the same type, with steam in all degrees of humidity, 
dryness and superheat. 

As I was testing engine and not a TjoHer^ I rather preferred 
to exclude the boiler from the tests, particularly as no means 
were at hand to do differently. Just why this was the easel 
cannot stop to explain now. It is true that to obtain hot, dry 
steam, may mean the communication of more heat units per 
pound of keam than in the case of wet steam or saturated 
vapor, but the diifference is comparatively slight. ^ The change 
of state involved in boiling the water is, as Mr. Hill must know, 
the chief factor in the case, whether the steam be produced in 
■one condition or. another. 

I cannot admit that: “ A great deal of pains was taken to 
eliminate all waste.” The engine was in good condition, of 
course, but not exceptionally so. ' Its simple construction permits 
of relatively easy maintenance. When I made the engine I ex¬ 
pected to realize a result of about 30 pounds of dry steam per 
brake horse-power hour, which in itself would have been roughly 
about twice as economical a result as is shown in the best tests 
of such very small engines, of which I was able to obtain any 
data. I was skeptical of the result of the first tests, and freely 
expressed ray doubts, but by going over the work and watching it 
personally, while insisting that everything be done to have the 
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errors count against the engine rather than in favor of it, I 
became convinced that my expectations had been greatly ex¬ 
ceeded, and that a result of 20 pounds per horse-power hour, or 
slightly better than that, had been in fact, obtained, as I have 
indicated. 

It reniains to finisli and test an engine of larger capacity and 
to do it under such varied conditions as will be likely to point 
out the relative values of those features which undoubtedly con¬ 
tribute to the still lower consumption which will probably be 
obtained. 

The small engine tested was designed for automobile work, it 
being regarded as extremely desirable that but' little water and 
fuel be carried, and but little steam escape during work. The 
clearance is great and the manner of exhaust and admission such 
that no trouble is ever experienced with condensed water in 
starting. 

The engine is now in use upon a steam automobile, having a 
coil-pipe boiler heated by ordinary kerosene. It runs satisfac¬ 
torily even under the very extreme condition adopted in some 
experiments with it, of a steam supply-pipe at a bright red 
heat. But this is, of course, abnormal and only indicates the 
wide range in character of steam which is permissible. That it 
is not injured by excessive heat in the steam supplied, is due, 
doubtless, to the poppet valve admi.ssion and the extremely early 
cut-off which permits the entrance of only a momentary puff of 
hot steam when the piston is full in. 

As a matter of interest in this connection I would conclude 
by calling attention to the fact that Ew^ing in his work on “ The 
Steam Engine, and other Heat Engines,” on pages 160 and 16 L 
gives some results of tests by 'Willans on a small, simple, non¬ 
condensing single-cylinder engine, in which, with 172 pounds of 
steam, an indicated horse-power hour was obtainable with 18-i- lbs. 
of steam. This represents,_as Ewing points out, an efficiency of 
1 5 per cent, of the theoretical efficiency of an engine working 
the conditions. Ewing also refers in this connection to 
“ Mm. Pro. Inst. 0. K, vol. xiii., part 3, and vol. xcvi., part 2,” 
m a foot note. r > ^ r y 

Lynn, Mass., April 5th, 1899. 



AMEEICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


New York, February 15th, 1899. 
The 132d meeting of the Institute was held this date at 12‘ 
"West 31st street, and was called to order by President Kennelly 
at 8:10 p. M. The President requested the Secretary to make the 
customary announcements: 

The Secretary : — At the meeting of the Executive Commit¬ 
tee this afternoon the following associate members were elected : 

Name. Address. Endorsed by 

Adams, Frank Pierce Electrician,Stockton Gas &Electric J. A. Lighthipe. 

Co., residence, 171 N. El Dorado 0. B. Sedgwick. 
St., Stockton, Cal. Geo. P. Low. 


Adams, Julius Le Eoy Chief Engineer, Hartford, Man¬ 
chester & Rockville Tramway Co., 
Manchester, Conn. 

Browd, Paul K. Chief Engineer, The Russian Elec¬ 
tric Company,“Union” St. Peters¬ 
burg, Russia 

Currie, H. M. Superintendent, The Municipal 

Electric Light Plant, Conneaut, 
Ohio. 

CoDMAN, John Sturges Consulting Engineer, Associated 
with R. S. Hale, 31 Milk St., 
residence, 57 Marlborough St., 
Boston, Mass. 

Dunn, Clifford E. Patent Attorney, 229 Broadway, 
New York City, residence, 12-a 
Monroe St., Brooklyn, N. Y. 

Hutton, Chas. William Chief Electrician, Sacramento 
Electric Gas and Railway Co., 
Sacramento, Cal. 

Schweitzer, Edmund Oscar, Electrical Inspector, Chi¬ 
cago Edison Co., 139 Adams St., 
residence 1906 Oakdale Avenue, 
Chicago, Ill. 

Truesdell, Arthur E. Assistant to General Superin¬ 
tendent, Peoples Light and 
Power Co., 443 4th Ave. Newark 
N. J. 


Oberlin Smith. 

M. J. Wightman* 
Ralph W. Pope. 

L. B. Stillwell. 
Edw. L. Nichols. 
H. J. Ryan. 

A. L. Hadley. 

E. A. Barnes. 

P. S. Hunting. 

Chas. R. Cross. 

H. V. Hayes. 

W. L. PujSer. 

Chas. A. Terry. 
Henry Schreiter. 
Ralph W. Pope. 

J. A. Lighthipe. 

C. E. Sedgwick. 

F. A. C. Perrine. 

W.E.Goldsborough 
C. P. Matthews. 

J. J. Flather. 

Chas. R. Cross. 
Paul Spencer. 
Peter Wright. 
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Waterman, Marcus B. 


Electrical Engineer, Brewster Sarauel Sheldon. 
Engineering Co.,>Hew iork City, ^ug.Xreadwell Jr. 
residence, 111 ^ LefEerts Place, j)oiiglass Burnett. 
Brooklyn, N. Y. 


Wise, John Siireeve, Jr., Electrician The Pa. Mfg. Light 
and Power Co., residence, 2023 
Mt. Vernon St., Philadelphia, 
Pa. 


J. H. Vail. 

A. E. Winchester. 
H. T. Hartman. 


The following naiiiod associato \va.s transforrod to full moinboi- 

Approved by Board of Examiners, January 18th, 18S9.^ 

George T. Hanchett, Electrical and Technical Engineer, 123 Liberty Street, 
New York. 

The following paper on Storage Batteries and Railway Power 
Stations was then read by Mr. Robert McA. Lloyd. 



A Paper presented at the I 32 d Jlfeeting of the 
Ajnerican Institnte of Electrical Engineers, JV>w 
}"orAy President Kennelly in the Chair : and Chi¬ 
cago, Local Honorary Secretary Pierce, in the 
Chair, February igih, iSgg. 


STOKAGE BATTERIES AND RAILWAY POWER 
STATIONS. 


BY ROBERT MCA. LLOYD. 


A difficulty confrouting us is that very few operators of rail¬ 
way power stations have any data showing what they are doing. 
Electric light managers seem to take more interest in the output 
of their stations, and in many eases maintain a system of records 
of work done, but the manager of a trolley road is usually con¬ 
tented with superficial observations of the switch-board and the 
comforting fact that the cars are running. 

We always find these managers greatly surprised when the 
actual state of affairs is shown to them on paper, and I believe 
that this Institute would be astonished at the results of a thor¬ 
ough research into the load curves of the railway plants of the 
entire country. You are of course prepared for the statement 
that the average load on a railway power station for a given 
period is much less than the maximum load occurring during 
that period and much more than the minimum, but it is not gen¬ 
erally understood that the maximum load for the same period is 
apt to be far, below the capacity of the generating plant in oper¬ 
ation. As an illustration of this fact I show in Fig. 1 some data 
on a typical railway plant when 35 cars were running. We have 
not discovered any railway plant where this is not true, and I 
believe that the data on most of the railway plants of this coun¬ 
try will confirm my statement. The first explanation of this 
would be that such a surplus capacity is necessary for reserve to 
meet emergencies, but I do not find it to be a useful reserve, and 
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sliall refer particularly to Fig. 1, taking this station because 
from the standpoint of the manager, engineers and attendants it 
is dangerously overloaded, and has no reserve. In fact it was 
necessary to add to the capacit}^ at once to make it safely oper- 
ative. 

I obtained these data on the day of heaviest travel in the 
whole year. It will be noticed that the highest point reached 
was within the capacity of the main station, and yet it was neces¬ 
sary to start up an auxiliary station. The central solid line shows 
the average load, and the upper and lower lines show the limits of 
the fluctuations occurring from moment to moment. The method 
pursued in getting these curves was to divide’the day into half 
hours, and during the flrst five minutes of each halfj hour take the 
highest and lowest ammeter reading in each minute; these readings 
are plotted in the upper and lower curves; also to take ammeter 
readings every five seconds and obtain the average of these 
readings as the point in the curve of averages. Another 
convenient method of obtaining the curve of averages is by 
wattmeter readings. Among some of the interesting features 
in this diagram may be noticed the fact that the nominal 
capacity of the generating apparatus was about 400 x. w. in 
excess of its maximum output occuring at about 8 o’clock 
in the evening, and that the average output at this time was 
about two-thirds of the maximum. The excess of nominal ca¬ 
pacity was not so great at 7 o’clock in the morning, or two in the 
afternoon wdien other high points occurred, but as it was known 
that the morning peak would be of short duration, the engineer 
decided to run through it without the auxiliary station, and in 
the afternoon the load increased more rapidly than was expected, 
and the auxiliary, was not ready to go into operation on short 
notice, consequently obliging the main station to groan under a 
dangerous load for an hour or so. 

It will doubtless occur to some that this station apparatus has 
been overrated, or that the engineer was incapable, or ovei* 
cautious, hut the fact remains that similar data are obtained in 
very many stations, and that in many cases the apparatus has 
been subjected to satisfactory tests before acceptance by the pur¬ 
chasers. It may be possible to build engines which regulate at 
all conditions of load and at the same time use steam satisfactorily 
at maximum load, but I do not find such engines commonly in 
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Fig, 1,—Curves showing variation of special Saturday load, August 20tl}, 189b. 
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use. Fiirtlier than this there are many very good engines in use 
which cannot be safely operated at anything like maximum load 
if that load is liable to sudden variations. I realize that you may 
suggest all sorts of schemes for getting a better output from the 
plant illustrated by this curve, and you may wish to ask some 
(|uestions about this apparatus, but experience convinces me that 
the men who are most likely to he consulted about such a station 
will recommend more generating plant, and the truth is that there 
are so many good salesmen pushing engines and dynamos that 
station managers frequently fail to get full duty from the ma¬ 
chinery which they are operating already. It is not merely that 
the storage battery has been neglected, but any of us can see in 
railway power-houses throughout the country, where the man¬ 
agers have been persuaded to increase their generating plant, 
when attention to a few details such as steam piping would have 
brought their output up to requirements. Assuming however a 
station equipped with the best obtainable apparatus, and operated 
under the most advanced laws of station practice, in the absence 
of a storage battery, there would still be much more apparatus 
running than would appear necessary from the load diagrams. 

The generator salesman says in reply to this proposition that 
his apparatus is cheap, and that it is good to have plenty of it, but 
one generally tinds that where there is plenty of aj^paratus avail¬ 
able, the engineer is tempted to keep too much of it running, and 
therefore running at low efficiency. 

Of course railway power stations have individual character¬ 
istics, and it will not do to assume that they all need storage 
batteries, but there are certain features of railway power require¬ 
ment, which are common to the problem everywhere, and which 
invite consideration for the storage battery. 

The curve characteristics of electric light su])ply are well 
known, and much information about electric lighting has been 
brought out in the committee reports of the National EJeotrio 
Light Association for 1896 and 1897, and by Mr. Hammond in 
his paper before the British Institution of Electrical Engineers 
in March, 1898, but the possibilities are more varied in railway 
work, and as far as I know, there has yet been no systematic 
research into the economy of railway power stations, the only 
published data on the subject being contained in the paper read 
before the Street Kailway Convention at Boston last Septem¬ 
ber by Mr. E. W. Oonant. 
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Ill my eiuleavor to point out some of the uses for a storan'e 
battery, I shall take as a typical station that shown in Fiii^. 1. It 
is located in a Pennsylvania town of 50,000 inhahitants. The 
railways radiate from the center of the town to distances of three 
to nine miles. There are six hranehes, and the power station is 
located two miles out on tlie longest branch. It has railroad and 
water Irontage. Ihe small auxiliary power-house- is the result 
of a recent consolidation and is close to the main house. There 
are three distinct ways of using a storage battery with this [lower 
plant. Taking up the figure we find first the great finctuation 
between uight and day load; .second by the fluctuations occurring 
from hour to hour; and lastly the snperiin])osed lluctuations 
occurring from moment to moment. We shall call a battery of 
sufficient capacity to level off the night and day fluctuations 
“largo ’; a battery tor leveling the hour to hour llnetua.tions 
“medium”; and a battery to level the momentary tiuctuatioiis 
“ small.'” It will he seen at a glance that the smali battery will 
reduce the re<|uireuient.s of the generating plant to a capacity 
sufficient to meet the demands of the average load shown in 
curve A. The I)attery must he able to <lischargo at tl.hO amperes 
for monieiitary pei'iods, hut its capacity in ainpei’e hours is unim- 
])ortant. It will ('ost le.ss than genei-atiug (urpacity for the same 
work, and a large part of tlic ox(*-e.sH of capacity over re<piire-- 
monts shown in the diagram will he .saved. It will save some 
depreciation on the gouoratiiig aiiparatu.s, and its own deprecia¬ 
tion will not co.st more tlian the depreciation of generating- 
apparatus of similar capacity. It will have sufficient storage 
capacity to run a tew night cars and light.s, when the engines are 
shut down. It located at a point nearer the center of feeder 
distrihiitiou than the loiiation of the gencr-atiiig station, a saving 
in eopper will be eifeeted. Inasmuch as the inve.stment will not 
he increased by including siicli a battery in this railway outfit, all 
the saving in fuel due to a steadier load and the operation of less 
generating macliinery will be dear gain to the credit of the 
battery. 

Line u at SIO amperes shows the average load for IS liours of 
the day, and a “medium” battery to reduce the load to this 
straight line would have a capacity of 1300 ampere liours. It 
will cost about twice as much as a “ small ” battery, hut will not 
add enough to the cost of the installation to bring the investment 
up to the total now in generating apparatus alone, and presum- 
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ably necessary if no battery is used. This battery will have all 
the advantages of the small plant with wider limits of operation. 
The station circuit breakers may be set 650 amperes higher, and 
there will 1)6 greater convenience throughout the station in oper¬ 
ating at a lixed load. There will be a marked effect on the effic¬ 
iency of all departments of the station, and all the apparatus will 
yield a higher output in proportion to investment and cost of 
operation. 

Line c at 650 amperes shows the average load for hours, 
and a “large” battery capable of leveling off this load will have 
a capacity of 3000 ampere-hours. It wffll cost approximate!v 
twice as much as the medium ” battery and will have all of its 
advantages. It wdll cost as much as the generating maehinerv 
displaced by it. It will add largely to the flexibility of the 
station. This battery could be discharged momentarily at 3000 
amperes, which will put the circuit breaker limit of the station at 
about 3600 amperes instead of 2300 with all the present appara¬ 
tus. It may be discharged at 1500 amperes for one hour which 
will be sufficient to cover load peaks that would stall the 115u 
K.w. generating plant completely. 

In eases of extreme necessity the entire system might be car¬ 
ried by this battery for several hours. The ability to carry sharp 
peaks is a distinct addition to the earning power of the system. 
Such peaks often signify the collection of fares which would be 
lost if the system were not flexible, and some managers keep up 
enough station capacity to carry a few holiday crowds while for 
99fc of the whole year it is earning nothing. Other managers 
do not attempt to carry special crowds. The large battery will 
give the manager an oj^portunity to get all the money that can 
be made out of such business without feeling that he has made 
any investment for the purpose. Of course the caj^acity of the 
system is limited also by the investment in copper, but in many 
cases the battery may be located so as to facilitate the distribu¬ 
tion of power. 

There is no reason why a railway power station of this capacity 
running night and day at a constant load should not attain a fuel 
economy as high as that of the well-known Chestnut Hill Pump¬ 
ing Station at Boston which would be equivalent in electrical 
work to 557 watt-hours per pound of coal. Curve a, Fig. 1, 
shows for 1 days work 7,800,000 watt-hours which required at 
the above rate 7 tons of coal, and assuming that the battery 
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would only have 75^^ efficiency, and tliat 25^ of the entire day’s 
work would go tlirough the battery, ^ ton of coal would be added 
to this consumption, making tons of coal per day for this 
plant running with a large battery. 

The battery efficiency in such service as this has been found 
in most cases much higlier than 75%, and in some cases over 90%, 
so my estimate is (dearly on the safe side. 

On the day when these data were obtained 15 tons of coal 
were burned, or twice as much as would be necessary with the 
battery outfit, ddie battery would therefore save at $2.00 a ton, 
$5,474.00 per annum in coal alone. 

The number of men in the station is now the same night and 
day, and there would certainly be no increase in the labor item, 
whereas it is probable that one man on each shift might be dis¬ 
pensed with if the plant wore reduced l)y the battery, in which 
case there would be another saving of $1,200 per annum. The 
battery would also save water, oil, waste etc., and there would be 
minor advantages smdi as more constant potential on the line ; 
Jess aimoyanci^ from (drcuit breakers; no fear of sudden demands 
on the generating ai)i>aratiis, and the disagreeable possibilities in- 
cidmit tlun'oto- 

In the following table some figures are tabulated for the pur¬ 
pose of ('om pa,ring four (lilferent layouts to meet the rerjuire- 
numts of the railway system referred to in Fig. J. 


TABLt: REPERTilNG TO PIG. 1. 



l.ajr out 
with 

(athl of 
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25 
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20 
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Continuation ok Table. 
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I have assumed $100 per kilowatt as the cost of complete 
station apparatus without batteries. This figure might have 
seemed high a year ago but in view of the rising prices of such 
material I think it is only conservative. 

In regard to the small” battery, there is no doubt of its ad¬ 
vantages in many cases, but for new installations it is not always 
the most economical battery. I understand tliat Mr. Leslie Carter, 
the President of the South Side Elevated Railroad Co. in Chicago, 
said recently, that as far as he knew, their battery did not save 
anything in the cost of operating the road, but that they could 
not run without it, and I take the liberty of making the following 
extract from his annual report to the stockholders wdiich has since 
been published. 

Storage Batteries. 

“While the amount of current used per car mile is low, and 
has produced gratifying results in all tests and comparisons made 
the fluctuations of power above the average requirements are 
large, and the sudden demands on the power-house compelled us 
to prepare promptly for the heavier business of the winter, which 
with increased number of cars in service, heat and light, loads^ 
would have been lieyond the capacity of the ])ower-house. Ad¬ 
ditional engine capacity could not be obtained in the time 
at our disposal, would have cost more money, and have been 
expensive to operate. We accordingly installe'd two batteries of 
750 K.w. each, equidistant from the power-house, at Twelfth and 
Sixty-First streets, respectively. These batteries liave greatly 
reduced the fluctuations and the maximum load at the power- 
house.^ While the output at the power-house is the same, the 
batteries charge at times of light traffic and discharge at times of 
heavy traffic, thus equalizing the work at the power-house, and 
relieving the engines and generators. This is certainly an econ¬ 
omy, and it is further claimed, with what correctness I am not 
yet conyinced, that they cheapen the cost of production. But I 
do know that they keep up the voltage at the ends of the line, 
enable your road to operate more cars, furnish increased facilities 
to patrons, and prevent damage to power-house machinery in 
case of sudden demand for increased power.” 

That battery was of course put in for regulating purposes only, 
and the load curves some of which are shown in the following 
figures give one the impression that the battery must certainly be 
useful. It seems to me hardly worth while in laying out a new 
station to put in a battery for the purpose of reducing the rail 
way power curve to the characteristics of electric light practice, 
when by going a few steps further it may be refined to a prac¬ 
tice comparable with marine engineering. 
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Jt might appear at first thought that a battery of sufficient 
capacity to ensure a full load -for the generating units at all times, 
would save as much fuel as a battery large enough to level off 
the 24-hoiir service, but it is very difficult to follow the power 
rerpnrements from hour to hour in such a w^ay as to make ideal 
use of a hattery, whereas with a ‘darge ” battery it would be pos¬ 
sible for the ordinary station engineer to adjust his load so as to 
operate all of his apparatus to the best advantage all the time. 

1 have carefully analyzed the figures in Mr. Conant’s very in¬ 
teresting paper above referred to, and am compelled to differ 
from him at some points, and refer to them in order to meet in 
advaiK'.e any criticnsm of my paper which may be based on his 
tables. In the first place he assumes that his standard station 
(tan he worked all the year round with a load factor of 
whi(ih is entirely too high: 20^^' or 25^ would be more normal. 

1 suspect that Mr. Conant's load factors have been obtained by 
indi(iator (tards instead of wattmeters. In Mr. Oonant’s table 
none of the stations show a better figure for coal than 3 pounds 
])er kilowatt hour while his standard station is put down for 2.2 
pounds without any iTitimation of the process for attaining such 
a good result. The (piestion as to how the cost of repairs and 
deiueciation of the entire plant would he affected by a large bat¬ 
tery is particnilarly debatable ground. Mr. Conant allows 2^ 
for depre(*iation beyond the normal running repairs. He esti¬ 
mates the entire plant including buildings to last 50 years. TIis 
statement that the machinery now being installed will last much 
longer than that with whicdi we have l)een familiar in the last 
<lecadc has nothing to hack it up except faith in the promises of 
the hviilders. 

I propose to allow per annum for repairs and depreciation, 
on the (Uitire station ap])aratu8, including batteries. I have 
not seen any boilers that arc likely to last 50 years, and there is 
plenty of evidence that all the best engines and boilers in this 
class of mryim to-day will go to pieces in a life of from 10 to 20 
years. The particularly hard usage to which most of them are 
snhjecd is not only steadily wearing them out, but producing a 
state of (ionstant damger and not infreciuent accidents. I am 
sure this is l)e(ioming well understood among railway men, and 
some of the best managers are writing off to depreciation 10^ per 
annum. Moreover who can say tliat improvements will not be 
made in tlie next 10 years as in the ])a8t, and that engines and 
boilers may not be out of date before they are need up. 
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It is of course well known that whatever the rate of depreci¬ 
ation may be without batteries, it will be lowered by giving the 
genei’ating apparatus a constant load ; my belief is therefore that 
the storage battery will not increase the rate of depreciation for 
the entire plant. If it can be shown that interest and deprecia¬ 
tion for a plant of given load dimensions are practically equal 
with or without a large battery, it is evident that the great sav¬ 
ing in fuel alone will determine the supeidority of the battery 
system. 

I have so far considered the battery only at the central gen¬ 
erating station, so that all the advantages due to locating it at 
proper points iii the distribution system are additional arguments 
in its favor. In many cases the saving in copper may be greater 
than the sum invested in the battery, and the f exibility of the 
system improved in places where it would not pay to install 
sufficient copper to meet the irregular demands of travel. 

The resei've qualities of the storage battery are unique. It 
might be supposed that a mere reservoir which is quickly drained 
would be of little value compared to a lot of extra generating 
apparatus standing idle, but experience is demonstrating every 
day in existing plants, that the reserve which is needed most is 
the reserve which is not only ready for emergencies, but actually 
alive to any demand without the direction of a human mind. 

Most of what has been said of the storage battery as applied to 
the power station illustrated by the curves in Fig. 1, is true of 
its application to railway power stations in general! The use of 
water power introduces a factor in the problem more variable 
than fuel, and I shall not attempt the diactission of it. Alternat¬ 
ing cuirents lend themselves readily to the development of stor- 
a,ge battery applications on account of the mutuallv helpful com¬ 
bination of battery and rotary at sub-stations. Up to the present 
time, each of the large batteries installed for railway work has 
been obliged to meet different conditions, and requirements, but 
they are all serving their respective purposes well, and showin<>- 
many different fields of usefulness. I shall not refer to these 
plants because Mr. Appleton in a recent lecture to the JVew York 
iLleotncal 8oG%ety has ably described those of most importance. 

^ Most of us feel that the electric railway and electric lightinn- 

interests are destined to get into closer relations, and the gener 

ating station of the future may be required to furnish all the 
electricity used within large areas for every purpose. 
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Coming finally to a problem whicli has been the subject of some 
newspaper discussion of late, I trust you will pardon me for 
treating of work with which I have no connection. Electricity 
has so many advantages over any other medium for transmission 
and storage of energy that I assume its use to be h'rmly established 
and cannot conceive of any lasting rivalry bv the other contest¬ 
ants now in the same fields. Fnrthei- than this without saying 
anything for or against monopolies, I believe that all the energy 
supplied by means of electric currents to consumers of every 
nature in the greater JSTew York should radiate from two or 
three central stations, and tliat these should be electrically tied 
together. The sub-stations would natural ly consist of rotaries and 
storage batteries. It may not be possible to lay out each sub¬ 
station so that the rotaries would run at a constant load for 24 
hours a day, but it seems to me quite probable that such au ar- 
raugement would eventually he reached, and this would of course 
give the generating stations a constant load. 

At the present time the load curves of the electric railways 
are very uncertain, and peaks are likely to occur at almost any 
time of day, while the addition of the peak due to electric light- 
mg in the early evening would not add in large proportion to the 
radway peak, but elech'ic lighting is capable of more general ap- 
plication and it is possible that within a few years the distribii- 
tion in the Boioiigh of Manliattan may reach from three to five 
hundred thousand kilowatts at the highest part of the lighting 
curve, which wdl probably be as great as the railway load wlien 
the elevated railway and the underground rapid transit are in¬ 
cluded. These peaks will often occur at the same time of day 
and so there is no possibility of improving the load factor of 
either system by s]>licing the two together. It follows therefore 
that what is true of the relation of a storage battery to the econ¬ 
omy of the generating station foi- power or light separately will 
be true of the resultant of their combination. 

The railway and light people recognize the importance of lev¬ 
eling up some portions of their load curves, hut I estimate that 
the greatest saving is to be obtained by operating for a constant 
load 24 hours per day. However high would be the econom v of 
such large stations I am sure it would be higlier with large bat¬ 
teries^ than without. Certainly the economy of the Boston 
pumping station as to fuel consumption should” be surpassed. It 
mast not he assumed that a high load factor for the system is 
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an advantage. It is all right for the generating plant and for 
the copper feeders, but the kilowatt hours that bring in the most 
money, may spoil the looks of the load diagrams and kill the load 
factor. What is required to earn dividends is a 'pTofitable load 
factor outside of the stations, whether high or low, and the 
highest possible load factor at the dynamo terminals. The 
large storage battery meets these two requirements perfectly. 
A load factor of 100^ may be maintained at the dynamo and cui- 
rent may be sold to the consumer regardless of the time of day. 

With a million kilowatts in view for the Borough of 
Manhattan it would be necessary to generate an appi’o.ximately 
constant force of 300,000 kilowatts. 

A million kilowatts in station plant without the battery factor 
would coat $100,000,000. 

The same capacity including the proportion of batteiy now 
deemed advantageous by some of the engineers in touch with 
these problems would be divided as to cost into $70,000,000 of 
generating plant and $30,000,000 of battery plant. 

Finally the same capacity if divided in the proportions which 
seem to me most productive for the investment would ()o.st 
$30,000,000 in generating plant and $70,000,000 in battery. 

This is quite a large battery plant and as there would be more 
than two parts battery to one part generator, I am fearful of 
the jealousy which such a reversal of engineering practice would 
create. 

In conclusion 1 wish to state that nothing in this paper sliould 
be regarded as emanating officially or unofficially from the 
company with which I am connected. 

The following figures show a number of railway power curves 
with and without batteries. If they do not indicate attaimnent 
of ]3erfeet results by the battery, it is not because perfect I’egu- 
lation is impossible, but because the engineer is well pleased 
with what he has, and does not strive for greater refinement. 
Fig. 2 shows the application of storage batteries to a large rail 
way installation in which part of the power is generated at a 
waterfall. It shows what may be done by what I have called a 
“ medium ” battery. 
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Fig. 2 . 



—Curves showing Fluctuation of Load. May 2d, 1898, at Power 
Station of South Side Elevated R. R. Co., Chicas:o, Ill. 
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Fig. 4 . —Curves showing Regulating Effect of Storage Battery, at 
Power Plant of the Barre, Montpelier Traction Co., 
Montpelier, Vt. 



Fig. 5. Tests made at the Woonsocket Electric Machine and Power 
Co. Generator carries the whole load of station. 

Barber Regulation. 
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6.—Tests made at the Woonsocket Electric Machine and Power 
Co. Battery carries the whole load of Station. 
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_Test made at the Woonsocket Electric Machine and Power 

Co. Generator and Battery in operation. 
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Fis, 8.—Curves showing Generator Load at the Power Station of the 
South Side Elevated Railway Co., Chiiaigo, 111. 



Pis. 9.— Curves showing Regulating Elleete of Batteries at the 12th 
St. and 61st St. stations of the South Side Elevated Rail¬ 
way Co., Chicago, Sept. 30th. 1898. 
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Discussion in ]S^ew York. 

The President :—The paper to which we have just listened is 
now before the Institute for discussion. The discussion ought 
to be interesting—fully as interesting as the paper has been, be- 
eaiise there is set foi'th in the paper a proposition which seems 
at first sight a very radical one, and that is to have a battery in 
a power station costing more than twice as much as the steam 
plant. The question as to what proportion should exist be¬ 
tween the generating system and the storage system in a central 
station, is a very important one from an engineering and a com¬ 
mercial point of view. Tiie usual plan has been to regard the 
storage system as a relatively small and auxiliary part of the gen¬ 
erating plant. In this paper, however, the proposed plan is to 
make the storage battery the principal element. The paper is 
now before the meeting for discussion. 

Mr. George Hill : — Although I am not in the street railway 
field, 1 have done a little in the line of storage batteries, and my 
criticism of the paper would be that the point which you em¬ 
phasize, Mr. President, as being worthy of discussion, has not 
been sufficiently emphasized by the author of the paper. I would 
go much further and be much stronger in my advocacy of a 
large storage battery than he has been under the conditions given. 
1 irave had an experience extending over nearly three years with 
a storage battery installation designed by myself for an office 
building here in New York, in which the storage battery cost I 
think, a little over four times as much as the generating plant. 
The installation w^as in a building 75 feet by 100 feet, six 
stories high. The ordinary fuel consumption in such a building 
would be from 300 to 450 tons per annum. The fuel consump¬ 
tion in this building is an average of 118 tons per annum. The 
installation, I think, was the first one of the kind in which no 
attempt was made to load the engine other than with the storage 
battery. In other words, it was the first attempt to give the 
engine a uniform load throughout its period of work. I figured 
carefully the requirements of the building, and installed two 
complete sets of cells, each one having an ampere-hour capacity 
sufficient to handle the entire building for at least fifteen hours. 
At the start we found that we had sufficient capacity to handle 
the building for two and a half ordinary days. Later on, as the 
building filled up, we found that we had, and we now have, 
capacity to handle the building one and one-half ordinary days, 
or easily through the heaviest day that we have ever had. 

The entire apparatus is of the simplest possible description. 
The switchboard simply contains the recording instruments with 
duplicate generator and battery switches; simply two double¬ 
throw two-pole switches, so arranged that when the handles are 
on the same side, one set of cells is discharging, and the other 
set of cells is being charged. In the morning, when the engineer 
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starts up liis plant, lie simply transfers the two switches so that 
the handles are both on the opposite side, and the cell that was 
charged the preceding day is discharged, and the exhausted cells 
are again charged. 

At the time, the storage battery company from which I pur¬ 
chased the plant did not understand why we were squandering; 
so much money for storage batteries. In order to relieve their 
anxiety I went over the relative cost of the engine, generator, 
booster, various regulating rheostats and automatic devices, and 
we found that the additional cost would not exceed a thousand 
dollars, or about the annual cost of the additional fuel due to the 
fact that there the generator would not run at a constantly econ¬ 
omical load. The operating economy of that plant is phenome¬ 
nal, as 118 tons of coal furnish all the light, heat, elevator ser¬ 
vice, pumping, fan service and every other requirement of light, 
heat or power in the building. Commercially considered, we 



Fig. 2 



expended about $4,000 more, than the usual plant would have 
cost, and saved the interest on $11,000—a net saving of about 
$420.00 per annum. The load curve is like Fig 1. For pumps, 
lights, etc., the elevator duty would show as a fringe of vertical 
lines of 60 amperes, one for each minute from 8:45 a. m. to 5:45 

p. M. 

On the other hand with a load curve like Fig. 2, which is 
taken from a manufacturing building designed by me operated 
with a direct connected 50 k. w. generator, the load comes 
from four electric elevators of good speed and large capa¬ 
city; 75 horse-power of motors and 300 lamps. The load 
ranges at about 17 k. w. with frequent fluctuations up to 
about 66 K. w., and a few drops to 11 k. w. The total 
monthly output is 9,000 k, w. hours; the coal consumption for the 
generator, pumps and for live steam to various heating appliances 
in the building, paste making, etc., is about 170 lbs. per hour in 
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the summer, and about 200 lbs. per hour during the severe weather 
in the winter. Ttie curve shown is the light and motor curve 

le elevators would add to it a fringe of vertical lines, two per 
minute from 7:30 a. m. to 6:15 v. m. 75 per cent, adding 45 am¬ 
peres and 25 per cent, adding 90 amperes. If we then figure tlie 
annual coal consumption for the building on the basis of 3 000 
hours per annum we will have ’ 

2,500 hours at 170 lbs. equal 425,000 lbs. 

500 “ “ 200 “ “ 100,000 “ 

T. , , , , , “ 234 tons equal tfpGlO.OO. 

+ i7fi perform the service with storage batteries and in¬ 
stall them under the most favorable circumstances we will have 
o3 K. w. per hour. Assume that our engine can be installed so 
as to take no more than lbs. of coal per brake horse power 
that our generator has an efiiciencj of 90 per cent, and our 
storage batteries an efficiency of 85 per cent. This means an 
hourly coal consumption of 84 lbs., then fuel would figure 
2,000 hours at 84 lbs. equals 168,000 lbs. 

500 “ “ 170 “ “ 85,000 “ 

500 “ “ 200 “ “ 100,000 “ 

rpi . “ 157^ tons equals $410.00. 

Ilie saying of $300 capitalized at six per cent, would be $3 333 
or manifestly msufficient to pay for the additional cost of’the 
more economical engine with its condensers, etc., leaving notliino' 
lor the storage batteries. ^ 

Every plant must be considered on its merits, and the use of 
one or two systems decided on according to the requirements of 
the case. One system being the direct generation of current 
in which the engine should be proportioned to work at rated 
capacity with .j?. cut-off being of a simple high-speed type, and 
operating nortnally under a pressure of 90 lbs. but with the Urts 
so proportioned as to transmit easily a 30 per cent, overload the 
speed being maintained by a much later cut-off and increase in 
pressuie. d-he generators should be of the heavy design gener¬ 
ally met with in present practice with wide non-sparking ranffe 
wbon brushes and with very low current density in the paifs! 
Ihe K. w. capacity should be so determined that the momentary 
peaks shall produce overloads up to 40 per cent. The other 
alternative would be the generation of current in a compound 
condensing, direct connected plant with high steam pressures! 
All of the current stored in duplicate sets of cells each one equal to 
one day s discharge, and the plant operated with one set of cells 
bmng charged while the other was discharged. The engine run¬ 
ning from 12 to 24 hour shifts and loaded continuouSy to its 
most economical point. It is my belief that where storage bat¬ 
teries can not be shown to he economical, under these circum¬ 
stances they have no place at all in new installations. It is of 
course necessary in any plant to insist that it be operated in the 
manner in which it was designed to operate. There are no 
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doubt many cases in existing plants where storage batteries can 
be advantageously used, but they are special cases for which no 
general rule can be laid down. 

The point mentioned in the beginning of the paper in regard 
to excessive kilowatt capacity installed, as compared with the 
actual output leads me to imagine that the central station engin¬ 
eers are meeting some of the difficulties that 1 experienced eight 
years^ago when first calling for engines to supply light and power 
to buildings. That is, all parts too light. 

It may^be interesting to state, in connection with the item of 
depreciation, that my experience with the storage battery plant 
before mentioned, shows that if tlie plant is in charge of' a com¬ 
petent engineer, depreciation can be neglected. In the three 
years that this storage battery has been in operation we have ex¬ 
pended certainly not five dollars, the chief engineer tells me 
nothing—for renewals or repairs, and I believe that the cells are 
in better shape to-day than when they were first put in, and from 
their nature should not depreciate. Ifc is necessary, however, in 
order to give the engineer a cliance, to so design the plate con¬ 
nections and from them to the ’bus bars of the switchboards, 
that each plate shall have practically the same amount of resist¬ 
ance. The details furnished to us to make this installation I 
found thoroughly unsatisfactory and so changed tliem materially, 
and to this I attribute much of the successful operation of tl'ie 
plant. Of course the engineer understood his business thoroughly 
and carefully watched every plate so that there was no chance 
for them to run down. It would be unreasonable to expect that 
all engineers would be as careful, and we must make some allow¬ 
ance for depreciation due to this cause. It may also be desirable 
to make some allowance for depreciation due to improved methods 
of manufacture, but generally, I think it fair to say that the de¬ 
preciation of a properly designed and |)roperly handled battery 
plant should be insignificant. 

Mu. 0. 0. Mailloxjx :—This paper is a complete statement of 
all the salient features and advantages of the storage battery as a 
factor of economy in central station practice, and it gives all the 
principal points which the engineer should take into considera¬ 
tion in designing a plant wherein he intends to utilize storage 
batteries. I agree very fully with all the statements made by our 
colleague Mr. Lloyd, and I particularly appreciate the stress which 
he lays upon the preponderance of the storage battery. I use 
the ^ word preponderance because the importance which he 
ascribes to the proportion of the storage battery seems like a pre¬ 
ponderance to those engineers who are not familiar with the ad¬ 
vantages of the storage battery, and who are still skeptical or 
conservative in its use. I have had occasion to utilize batteries 
myself, and the practical results have indicated very clearly that 
the principles enunciated by Mr. Lloyd are correct, and that 
they can be demonstrated by actual practical results. The diffi- 
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ciilty lias been to make people realize the possibility of this. As 
you know, the time was, and it has not been far back, when the 
word storage battery was a very dangerous one to use by any one 
who wished to retain the respect of his colleagues in the electri¬ 
cal engineering fraternity. I am one of the unfortunates who 
have had to suffer the result of my misguided, early, pioneer, 
zeal in that direction. The rapid growtli of the storage battery 
in the last three years is a circumstance of great satisfaction to 
such as myself, who had to hear the jeers and taunts of derision 
in 3 ^ears past. 

There is one point which the last speaker referred to, namely, 
the point of depreciation, which 1 think ought to be carefully 
considered. .My own experience with storage batteries covers a 
period of at least ten years, during which time I have seen bat¬ 
teries come and go—mostly go ; and, in spite of the fact that 1 
have great faith in storage batteries, having always been an 
apostle of their use—I cannot quite concede the propriety of the 
statement that no allowance, or at least only very small allow¬ 
ance, need be made for the depreciation of storage batteries. A 
battery may, indeed, work quite well for the first year, the first 
two years, the first three years; I have seen them work live 
years, under conditions where they require little or no allowance 
for depreciation. But I think it ’is an error to believe that be¬ 
cause it is postponed live years, the day of reckoning is not going 
to come, because it certainly will come; and I think that the care¬ 
ful engineer should not mislead—his zeal must not mislead him 
to the extent that he must not inake a fair and due provision for 
that day of reckoning. Good engineering practice dictates that 
one should make an allowance for a certain item or percentage of 
depreciation of the storage battery just as one would on other 
things, I have myself found that it inspires confidence in a man 
who has been hitherto a skeptic on this subject, to tell him frankly 
that he must allow lOiDercent. for depreciation of the storage bat¬ 
tery, because when he finds, later on, that it is only costing him six 
or seven per cent, to maintain Lis battery during a period of teii' 
years, he has more respect for both the engineer and the storage- 
battery ; whereas, if he had been told that it would take little or 
nothing, and he afterwards discovered that it did take as much te 
maintain it as the rest of the plant, he would not have felt so* 
well about it. 

A singular instance of this has occurred in my own practice. 

I installed a plant in connection with a storage battery some four 
or five years ago in an ofBce building. 1 think it was the first 
office building in hfew York city in which storage batteries were 
introduced. Tlie principal reason, and perhaps the only, excuse 
at that time for their introduction was the necessity of making 
provision for lighting at night, as the offices were occupied by 
tenants who at times did night work, and must have electric 
light. It was sought to make arrangements with the street light- 
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ing companies for a so-called breakdown ” connection or sup¬ 
plementary supply to be used at night; but the terms exacted 
were not deemed satisfactory to tlie owner, and lie finally seems 
to liavelost his temper and to have decided that he would allow such 
a reckless thing to be done as to put in a storage battery, althongli 
he evidently looked upon it more in the light of a necessary evil, 
or something that one could do, perhaps, to spite someone else, 
rather than because he was actuated by motives of economy or 
good engineering. I remember frankly stating to him that*" the 
storage battery was not to be regarded as a luxury, even though 
I believed it to be practicable in this case ; but that its use involved 
certain losses and expenses and that he must face the possibili¬ 
ties, some of which might not be reassuring. I did this for 
several reasons: First, because I was none too sure myself as to 
the future and the possibilities of storage battery maintenance, 
and secondly, because I wished to disappoint liiin agreeably if at 
all. Tlie figures of estimated annual costs wliicli I presented to 
him seemed rather large although they still were less than wdiat 
he had been paying for current. He finally decided to adopt the 
storage battery. He had misgivings as to whether the percent¬ 
ages guaranteed could be maintained, etc. After the plant had 
been hi operation about two years, I went to this gentleman to 
get figures in regard to the economic results. The gentleman 
hesitated greatly, and finally said that he did not care to give me 
any statement. He would simply state for my information that 
not only had I met all the promises which I made to him, but 
that the results had been so much more satisfactory that be had 
respect for my modesty and did not wish to strain’ it by making 
me feel too good. This case illustrates the importance of not de¬ 
ceiving the client, or rather of misleading him by being too 
zealous or having too much faith in yourself. I feel quite cer¬ 
tain that if I had understated what he might be expected to pay 
for the depreciation of the storage battery he would not have 
given me such a complimentary report, and probably would have 
been very glad to show me the figures after two years, and to 
have ‘ti’ubbed them into me,” so to speak. 

It is, perhaps, to be regretted that the author did not elaborate 
a little more fully those expLnations and calculations on which 
the conclusions are based. There is no doubt that the-facts as 
stated are correct, and that the principles on which they are 
based are also correct. Nevertheless, to those not thoroughly 
familiar with the subject, and especially to those who are at all 
inclined to be skeptical, a little more detailed information regard¬ 
ing the reasoning on which the results are based would have been 
of interest, for example, some figures showing a little more fully 
than is shown in the tables, of cost, the manner in which the ad¬ 
vantages vary with the size of the battery, or the proportion be¬ 
tween battery and electric generator plant. 

The plan mentioned by the last speaker, of utilizing the cur- 
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rent entirely from the battery, may have its advantages in some 
oases; though its utility, especially in large installations, would 
seem to be more doubtful. In large installations it is necessary 
to run machinery for generating energy for such a large propor¬ 
tion of the 24 : hours, that the equipment might just as well be 
arranged in such a manner that a great percentage of the energy 
would be utilized or fed into the feeders direct, instead of into 
or through the battery. In this way the economy of the plant 
is increased, and one is enabled to secure better conditions of 
economy with a smaller total initial cost. As for the annual cost 
of operation, I think there can be no doubt that it would be very 
much smaller with proportions such as are advocated by Mr. 
Lloyd. 

There may be, of course, advantages incidental to one plant 
or to another which dictate its adoption, because they may be¬ 
come considerations of peremptory and paramount importance in 
special cases. But in the absence of such arbitrary considera¬ 
tions, it seems to me that those conditions which produce both 
the highest load factor and the best economy in the generating 
plant, are generally apt to be those conditions which lend them¬ 
selves to the least total yearly cost for the total energy output 
per annum. 

Mu. E. T. Birdsall :—For the past few years I have been fol¬ 
lowing this practice as closely as I know how in railroad plants 
that I have built. I have used the battery both as a pressure 
equalizer and also as a load equalizer in the station, and with very 
good results, and I think it has only needed a battery that wm 
could rely on for everybody to fall in line in this same practice. 
Its benefits and advantages are self-evident, especially in lighting 
plants. All we have to do is to look at the gas companies and 
see how they operate. They do not need ariy two-rate meters or 
any maximum demand meters or anything like that to charge for 
gas, and they appear to make money. They make their gas right 
along, 24 hours a day, and put it into a reservoir. Of course, 
storage batteries cost more than gasholders, although not so very 
much more, and I think lighting companies will gradually come 
to the point where they will pump the electricit,y|into a big bat¬ 
tery and let the customer use it as he pleases. Of course I real¬ 
ize that a customer who uses his current at the same time that 
everybody else does, makes the station buy a little more battery, 
but it is not as bad as boilers and engines, and it is better for 
the economy of the station. 

In regard to Mr. Lloyd’s first paragraph, I think that is the 
truest thing I have heard in a long time.^ I have recently been 
through all the railway plants in a large city, some seven of them, 
and 1 think the reason that most railroad plants have more capac¬ 
ity than they need, and run more engines and dynamos every 
hour than the load requires, is because the engineers like to have 
an easy time. As a rule you will find the engineer in a large 
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power-house has a nice room which is comfortable and warm and 
free from dust, or a fine raised platform with a shining brass rail¬ 
ing around it, and he likes to sit there and read the technical 
journals and have a chat with his friends. If he had to go out 
every few minutes and close circuit breakers that would not be 
comfortable, and he does not propose to do it. It is so much easier 
to tell the man to start up another engine and dynamo. Although 
this may seem like a joke, I really think that it is the main reason. 
As I say, I have recently been through the stations and in every 
one of them—it was very snowy and cold outside the day that 1 
went around—the chief engineer was having a very nice time in 
the station, and there were plenty of engines running inside the 
station, and very few cars outside. No circuit breakers opening, 
and very few scars on the breakers. The great thing that most of 
these railroad companies need is a general engineer to go around 
and shut ofi engines. All these plants had plain Corliss non-con¬ 
densing engines, and a number of them belted generators; about 
half of them were in wooden buildings and almost all the machin¬ 
ery was painted very elaborately. The amount of paint was 
something marvelous, and this was in a good sized city, about the- 
fourth city in this country, and the coal—well, there was lots of 
coal—but all the companies were making money, and if the com¬ 
pany makes money, why change? That is the great factor in 
boards of directors. I have encountered that several times 
myself. They say, this plant is earning 10 per cent; what better 
do we want? Why should we spend a lot of money and have 
more bonds and everything like that when this thing is good 
enough—what’s the use? And those are the things that engineers 
have to contend with. It is againstgood enough” and the en¬ 
gineer in the station who is having an easy time. 

Mk. Mailloux : — There is another point which has been noted 
by Mr. Lloyd and which might be enlarged upon. It is the dif¬ 
ference in economy of engines under varying loads. A very able 
paper on the ^‘Performance of Street Eailway Power Plants” 
was presented at Chicago in 1893, before the International En¬ 
gineering Congress, by Messrs. W. A. Pike and T. W. Hugo, 
which contained some interesting data on this point. The authors 
called attention in their paper to the results of experiments with 
a certain engine, which plumes itself upon its ability to maintain 
a nearly constant efficiency line under wide variations of load. 
These experiments showed a difference of 30 per cent, between 
running on the fluctuating loads of the trolley line feeders, and 
running on a steady load obtained with artificial resistance, such 
as a water rheostat. In other words, the efficiency of the engine 
when measured by taking a large number of indicator cards while 
the engine was operating under fluctuating conditions, and tak¬ 
ing the same engine running at the same mean load on a steady 
resistance showed a difference of about 30 per cent. [The exact 
steam consumption given by the authors was 29.2 lbs. for trolley 
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load, and 22.5 lbs. for steady load.] Jfow, if this is the result 
which is to be expected from an engine which is especially built 
to respond to such wide variations of load while retaining an ap¬ 
proximately constant efficiency, one can surmise what will be the 
difference in efficiency when the engine is not specially built for 
such variations. 

In connection with the matter of fluctuations, since we shall 
probably see more use made of storage batteries in future in large 
central station practice, I think it is well to begin to establish a 
notation. In a paper which I read on this same subject before 
the A iaerican Street Railway Assocuttion at Milwaukee in Octo¬ 
ber, 1893, I endeavored to make a start in that direction by seek¬ 
ing to establish a distinction in the various kinds of fluctuations 
with which the storage battery has to deal as an equalizing factor. 
In other words, there are those variations which take place from 
hour to hour, a part of which occur in the peak of the load. To 
these I have thought that the name “ variation ” was more appro¬ 
priate ; whereas, those momentary and instantaneous fluctuations 
which take place from one instant to another might better be de¬ 
scribed and defined by the term ‘‘fluctuation.” That is, the tenn 
fluctuation might better be restricted to those short and quick 
fluctuations, wffiile the term variations could be retained for the 
longer ones which determine differences in the mean value of the 
load from hour to hour. To quote from the Milwaukee paper: 

“ I would use the term ‘ variation ’ to designate the effect 
caused on the station plant by putting on or taking off a certain 
number of cars; and the term ‘ fluctuation ’ to designate those 
incessant and erratic ebbs and flows of current which are so fami¬ 
liar to us all, due to the starting ^and stopping of cars, changes 
of speed, grades, etc. The variations of load are defined as 
changes,in mean or average rate of production for a given period 
of time; the fluctuations of load are defined as changes in rate 

of production from one instant to another. 

.The term fluctuation should, in my opinion, 

include both the ‘ waves ’ and the ‘ sub-waves,’ while the term 
variation should be restricted to the ‘ billows.’ ” 

Again, in dealing with a battery, we have to consider some of 
its features and peculiarities. We have to consider a battery 
from the standpoint of its total storage capacity, such as for in¬ 
stance, whether the battery is medium, large or small, as Mr. 
Lloyd puts it. It seems to me that a term would be necessary 
here, especially when we attempt, as we shall soon, to formulate 
the conditions and the principle under or by which a given size 
of battery is to be determined. All attempts at this formulation 
have failed hitherto, because there are still several unknown 
quantities in a storage battery—notably, the depreciation, or^ to 
put it more accurately, the rates of depreciation under varying 
conditions of service. W^e shall doubtless have abundant mater¬ 
ial on this subject in the course of a few years more, seeing the 
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rate at which storage battery installations are now being put up: 
and it will then be possible to formulate methods by means of 
which the best equipment can be determined just as perfectly 
and with as much ease as we now predetermine the details 
of a dynamo or a motor. hTow, in doing this we shall have to 
consider, as I said before, certain peculiarities of the battery; one 
is its total storage capacity, to which I have given the term 
‘‘ quantity factor,’’ and another is its rate capacity ; that is to say, 
the ability of the battery to give and take ” energy, or the 
maximum rate which it can be called upon to deliver or absorb, 
for the purposes of load equalization in taking care of those 
changes which I term ‘‘fluctuations.” I call this the “rate fac¬ 
tor.” ISTow we connect the rate factor with the fluctuation be¬ 
cause it is the feature which is of utility in connection with the 
fluctuation, or the ripples in the load curve, and we connect the 
quantity factor with the variation, because it is that which is use¬ 
ful in the leveling out of the larger excrescences, or the “ billows” 
in the load curve. As a matter of fact, the size and the cost of 
the storage battery, in a given case, depend mainly if not wholly, 
upon these two factors. Sometimes one of these factors, some¬ 
times the other alone, and sometimes both together, will influ¬ 
ence the size of the battery needed for a given ease. 

Extract from the Milwaukee paper : 

“ Your committee has found it convenient to designate these 
as the ‘battery factors,’ calling the first the battery ‘quantity 
factor,’ and the second the battery ‘rate factor,’ in which case 
they are expressed as ratios. Thris the quantity factor is de¬ 
fined as the ratio of the quantity of energy to be drawn from 
the battery, to the total quantity to be furnished to the 
(trolley) circuits under maximum conditions, while the rate fac¬ 
tor is defined as the ratio of the current to be furnished by 
the battery to the total current, also under maximum conditions. 

F. Y. Henshmv :—I would like* to ask Mr. Lloyd whether 
in the figures for cost of storage battery given on page 51, 
anything is allowed for boosting apparatus or any dynamo- 
electric machinery for raising voltage in order to charge, or any 
allowance for switches for cutting in and out cells for regu¬ 
lating voltage in that way, or whether it simply includes the 
storage cells with their connections. 

Me. Lloyd : — I might as well answer that now. I allowed 
the sum required for the entire storage battery installation and 
apparatus, and I just want to show you how "simple that table 
is. The calculations are not as complicated as Mr. Mailloux 
might have given you to understand. The first three columns 
I got from the office of the storage battery company, which, 
of course, are available for everybody. As to the cost of coal 
per day; for number one plant with no battery, I took exactly 
what they were burning at this place—which was 15 tons at $2. 
For the large plant I took the standard of the Chestnut Hill 
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pumping station in Boston, which would have been 'Ti tons^ 
allowing for the loss in the storage battery, which you see 
only amounted to half a ton per day. So that even with a 
large storage battery, the loss due to the use of storage battery 
did not make very much of an addition to the total coal con¬ 
sumption. That was $ir>. The two figures in between, 25 and 
20, 1 did liave to guess at, to some extent, and yet I think that 
they are fair figures. The cost of coal per annum, next column, 
is figured from the last, and the saving in coal is also figured 
from the last, taking the very near station as the stand¬ 
ard. I did not put the iiiterest in a separate column, but of 
course you notice the difference in the investment in each case,, 
and I simply added together the saving in interest over the No. 1 
plant, and the saving in the cost of coal. I put down the same 
amount for investment in real estate and building, and allowed 
the same for repairs and depreciation, and I credited the large 
plant witli a saving of one man on each shilt in this particular 
station. Tliere might be stations where that would not occur. 
In this particular one it would, because they had two firemen, 
whereas, with the smaller boilers running they could get along 
with one night and day. The saving in water, oil and waste I 
took from the engineer of the station himself, «nd the total sav¬ 
ing is simply an addition of the others. The estimated addition 
to receipts ] goi. from the manager of the road. He said if he 
could raise his circuit breakers as much as would be allowable 
with that ine<linni size battery, he thonglit he could take in a 
thousand dollars a year more wdthout any trouble, and if he 
had an additional flexibility duo to the large battery he would 
take in five thousand dollars. Of course,‘tlie last column is the 
addition of the two former ones. 

In regard to the cost of coal per day, of course I might 
have gone very deeply into that subject. .But .1 ought to say 
that this station was a particularly economical one, as you will 
sec if you will look up tliat curve and take $30 a day for coaly, 
it is a Very low cost, Tluire arc very few stations that could 
do that. The engines are compound condensing of the Corliss 
type and of high stamlard as to manufacture. The whole station 
was <iuite as good as you will fiml anywhere. At the present 
time these things are being put in perluips a little bit better. But 
it was c(U’tainly good for the last few years. The economy was 
certainly fine on that day. The fact‘is, 1 do not suppose the 
average of the railway stations of the United States would come 
anywhere near that small coal consumption. Their coal consump¬ 
tion would probably be at least twice, and perliaps three times as 
great. 

I have answered tlie first (juestion. As to the estimated costs 
in column two. Those costs include everything except real estate. 

While I am on my feet J want to say, in regard to the first 
speaker’s criticism, that this is an extreme view of battery prac- 
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tice, I do not say that is the best one; it is one that occurs to me, 
and I know that a good many people do not agree with me, and 
it may not apply to all cases. It does apply in the station 
which I have especially studied. There is not any question there 
but that a large battery giving the opportunity for a more profit¬ 
able use of current outside of the station, and more economical 
production of it inside the station, has advantages over either 
of the smaller installations of battery. It might not be so in the 
case of New York, although I think it is likely to be more so, 
because current between 5 and 8 o’clock in the afternoon in New 
Y^ork is wanted more than it is in the ordinary country town, and 
between 1 at night and 5 in the morning it is worth almost noth¬ 
ing. Y^oucan buy it for three cents a k. w. hour, and if the 
great producers of electricity simply look at the lighting curve 
and remember that that big load or peak is going to go on 
top of that railway peak at one time, they would see at a glance 
that they might as well generate that current in the small hours 
of the morning, and sell it at 15 cents per k. w. in the afternoon, 
rather than hunt for some consumer who will pay three cents for 
it in the early morning hours. So I think there is at least a pros¬ 
pect that my position may be right, but I hoped it would draw 
out discussion, and as I told Dr. Kennelly at the beginning, I 
hope you will not hesitate to punch holes all through the paper, 
but you have treated it very kindly so far. 

Mr. Jesse M. Smith :—I had occasion a few years ago to 
make a test^ of a small suburban electric road ; 150 horse power 
engine, 150 horse-power generator, and I took readings every five 
seconds for 10 hours on the ammeter and voltmeter, and indicator 
cards every five minutes for the same length of time. The average 
load on that road throughout the day was less than one-third of the 
capacity of the generator. The average load on the engine was less 
than one-half of the rated capacity of the engine. There would 
be an excellent opportunity for a storage battery to equalize the 
• load. The maximum load in that case never went above the 
rated capacity of either the engine or the generator. The average 
load on the engine was TO indicated horse power. The average 
load on the generator was 45 electrical horse-power. I might 
say there were only three cars on the line, and the maximum load 
would come on and go off in less than five seconds. The load 
would vary from 81 i. h. p. to a maximum of 141 i. h. p. in less 
than five seconds, and that happened probably a hundred times 
in the day. 

Mr. T. S. Holmes:— We should not lose sight of the fact that 
the extreme variations, which have been called fluctuations,” 
are characteristic of small stations rather than of large, and that 
the larger the station the steadier the load. I have seen the same 
conditions prevail in a power station of about the size spoken of 


1. See Proceeding Am. Soc, Mech. Engs, Yol. XY. Page 730. 
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by the last speaker, where perhaps -Rve or six cars were taking 
ciiiTent. Now if you make that 25 cars, the load, by the law^ of 
general average, will be less subject to variations. 

boine time ago I was called in to advise a certain concern on 
electrical matters. The people knew a great deal less about me¬ 
chanics than they did about some other matters. They were ex- 
tiemely shy of electricity, because they had had very disastrous 
experience with some electric apparatus. That apparatus hap¬ 
pened to be a storage battery which was less than two years old, 
and was perfectly dry. I was not surprised, because upon visit- 
ir)g the engine room I found evidences of a primitive style of 
electrical operation—switchboards that were very much out of 
date, and electrical apparatus that was very poorly hooked up. 
If one is going to get the conditions that have been suggested hy 
the first speaker, where there shall be nothing allowed for depre¬ 
ciation, then a very considerable amount must be allowed for the 
brains of the rneclianic who takes care of the plant. 

Lefore sitting down, however, I ought to say that I am very 
much in sympathy with the general statements of this paper. I 
agree with the speaker entirely in his statements in regard to the 
economies of an engine under a‘fnil and constant load. I suspect that 
that engine, that plumed itself,” according to the second speaker, 
on its ability to maintain an economical rate between wide ranges, 
was a compound engine. Cylinder condensation and clearances 
in engines of that character would not make them the most 
economical engines to run under conditions of sudden and wide 
variations. 

Mn. Mailloux :—I would like to disabuse the gentleman of 
the impression that because the plant is increased the fluctuations 
necessarily disappear.^ If he will look over the load curves which 
have been published in large numbers during the last year, and 
also the curves published in a paper on '' Electric Eailway Motor 
Tests ” read before the Institute in 1892, he will find that fluctua¬ 
tions occur in a space of a few seconds, sometimes a few minutes 
which may represent as much as 20 or 30 per cent, of the genera¬ 
tor capacity of the plant, even with a plant of over two thousand 
horse-power capacity. Hence while the fluctuations may not be 
instantaneous in the sense that they are with a little three-car plant, 
yet since they take place within a period of time so short they 
must be considered as fluctuations, because they are just as 
important in their eftect on the plant economy, and produce just 
as much discomfort to the station attendants, if not danger to the 
generating machinery as the fluctuations, as in the case of a three- 
car plant. It may be said that while the little kinks, or the rip¬ 
ples in the curve of fluctuation are smoothed out to some extent 
in the manner stated, yet it is by no means true that they disap¬ 
pear altogether, or at least to such an extent that provision should 
not be made to equalize them. The particular case that I referred 
to was the electric station at Minneapolis, to which I made a 
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somewhat detailed reference in my own paper. It will usually 
be found that the economies obtained even with stations of that 
kind are quite disastrous when compared with the theoretically 
attainable economies. 

Mk. H. B. Coho : — I had an experience with the storae'e bat- 
tery some ye^s ago, about the time of which Mr. Mailloux speaks, 
and hnd it difecult to grow enthusiastic on the subject of repairs. 
I remember, in 1892, operating a storage battery car. We had 
one cai in service, and after two months intermittent service with¬ 
out renewing cells I wrote to the president of the company stat- 
mg that at last we had attained perfection and would make our 
foitunes. Two days after I had sent this enthusiastic letter, iny 
inotorinau came to me and stated that there was something wrorio'. 
1 casually remarked that trouble was due to the motor and dis¬ 
missed the subject. The next day we could do nothing whatever 
with the battery, it having gone to pieces entirely. 

Jrom the above experience I am strongly in favor of giving 
the matter of depreciation very careful consideration. I do nol 
teel that the lO per cent depreciation which Mr. Lloyd figures 
on for machinery is as fair to the machines as it is to the battery, 
i agree that it is only fair to tell the prospective purchaser of a 
battery that his renewals may equal 10 per cent, per year, while 
1 do not reel that it is fair to .say he must charge off 10 per cent, 
per yea,r against his electrical machinery, as to all practical pur¬ 
poses Ins steam plant may be just as operative ten years after 
starting as it is in tlie beginning, and nothing like 100 per cent. 
01 the cost has to be expended in renewals. On the other hand 
we must admit that batteries must be renewed and new batteries 
put in from time to time. 


This whole matter really boils itself down to one of dollars 
and cents, and while I think we all agree as to the advantage of 
me battery in a great number of instances, yet I would certainly 
recommend the station managers and others contemplating the 
use of batteries to consult with .skilled engineers before going 
ahead too rapidly. s e 

^ 1 agree with Mr. ILill that there are advantages to be gained 
in making the working parts of his engine large in proportion 
to his cylinders, and that he gets a more easily operated plant as 
regards attention by doing so. For a building the size he men- 
tion8,_ a stoi'age battery is undoubtedly a good thing, although I 
take issue with him on the subject of renewals. Tie wants to 
ook out not to find himself in the position of the Deacon with 
ins one horse shay.” 

In conelu.sion I would .say algain that I believe the installing of 
a storage battery in connection with generating plants is alto- 
pther one of dollars and cents, and that due consideration must 
be given to the subject of repairs, and that it is hardly fair to. 
say mat a steam generating plant, deteriorates 10 per cent, per 
annum m regular use. Imprureinents of course have their 
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efiEect in cutting down tlie value of macliinery, but second-hand 
machinery always has a value, while the value of a second-hand 
storage battery is still a pi-oblem. 

Me. Maillodx : — If no one else wishes to speak, there is an¬ 
other point that I would like to dwell upon. It is j-elated to this 
question of depreciation. I have made .several contracts for 
depreciation. I consider that the concern furnishing the bat¬ 
tery, if the circumstance allow it, is the proper party to look 
after the maintenance of the battery, and that, other thino-s 
being equal, it can do it more satisfactorily and more cheaply 
than the purchaser. I have generally, in preliminary estimates 
taken 10 per cent, depreciation on tlie cost of the battery, but I 
must state that the contracts I have made have never exceeded 8 
per cent., and I believe that in actual practice, the battery when 
not subjected to abuse, can be maintained for probably 1 per 
cent In lighting stations the maintenance is even less, which 
by the way, is due primarily to the fact that the battery has a 
relatively larger quantity factor; but where the battery"is sub- 
ject to flnct'uatioiis^ using tlie term in the sense which I define 
It generally depreciates somewhat fa.ster and a, greater allowance 
should be made for depreciation. I have seeil cases where ten 
per cent, would not be too much allowance for depreciation. 

in a thorough study which I made of the matter while in 
kurope, some tliree years ago, I found tliat the percentage of 
continental install.ation.s of a size sncli as are in- 
mi ed, _tor instance, in Germany, at Hanover, Dusseldorf and 
-berliiqm the central stations, and in other places, the percentage 
of depreciation does not exceed five percent, per annum In 
most cases the central station company itself maintains the bat¬ 
tery, and the total cost, including all expenses, does not exceed 
tour per cent. A point of importance which I wish to allude to 
is ttiat the size of the battery which one can alforcl and which 
one ought to put into a central station deiiends upon the per¬ 
centage ot depreciation. The lower the co,st of depreciation, the 
more battery one can afford to put into a central station, the more 
orie should put in, in order to obtain the maxiimun economy. 
iJiia point is based upon matliematieal relations which become 
perteetly apparent even on elementary .study. 

that I should 

like to ask Mr Lloyd. The first is, does he consider that the bat¬ 
tery is as much an essential part of any station, railway or light¬ 
ing station, as the engine, boiler and dynamo 'i In other words 
IS an engineer designing a plant to iminediately assume that the 
battery will be used m any ease, irrespective of the load Does 
he tlnnk that the battery has developed to a point where its use 
will be always advantageous, or, are there casG.s where a battery 
may not be advisable? 

I he other point on which I would request .some information 
IS the reason for the very large difference of opinion that still 
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exists, ] think, as to the use of batteries in large stations. I Lave 
seen both here and abroad a great difference of opinion in tliat 
respect. I recall particularly, that in Berlin, in 1893, they were 
operating about four different stations with large units, and the 
management did not believe in a battery at all. They thought 
that the best method of operation was to shut down or start up 
generators, as the case might be, corresponding to tlie require¬ 
ments of the load. As three or four of their stations were tied 
together, when the load for any single station became too light, 
they simply shut that station down, transferring its load to 
another station. This was a lighting plant, so that at times of 
light load one station was carrying the whole city. 1 have seen 
the same thing done in railroad practice where two stations were 
tied together. On the other hand, in a city not very far away, 
they thought it quite essential to use a battery and the battery 
Avas used, I think, in the proportion that Mr. Lloyd suggests, that 
is some 70 per cent, battery to 30 per cent, machinery,"and there 
was no appa^rent reason why these two companies should hold 
such different opinions. They could buy the same make of bat¬ 
tery, and yet this distinction existed, and I think we find the 
same difference of opinion in this country. 

Mr. Lloyd :—I want to explain a little more clearly what I 
meant by depreciation in this paper. I see it is not very plain. 
Both in macliinery and other apparatus, it is hardly likely that 
any will be in use, as I said, much more than twenty years, a 
great deal not more than ten years. If it is not worn out it will 
be out of date and the man will throw it away and get something 
else. In the case of steam engines, it is very likely that the use 
of superheated steam, especially with constant loads, will revolu¬ 
tionize steam practice. 1 do not say that it will, Init it is one of 
the possibilities; and we always have to look forward to the di¬ 
rect production of electrical energy from coal without any steam 
engine, and 1 do not think that J^should want to own a plant in 
which some allowance was not being made for the eventual throw¬ 
ing away of the whole apparatus in'the course of ten or fifteen 
years, and while the actual repairs to the machinery might not 
be more than two per cent, per annum to keep it in" good work¬ 
ing order, it is very likely that the apparatus itself would be 
thrown out or the roads would he consolidated, or something else 
happen that would render that machinery useless in the course of 
a dozen years. In regard to the battery, the depreciation might 
be nothing for five years, and then a new set of positive plates, 
or a new set of negative plates goes into it, so that while the 
actual repairs and care of the battery, amount to very little, 
there must still be an allowance for renewal of plates. A battery 
has the slight advantage that in adding plates from year to year, 
or at intervals of three or four years, you add the best ones that 
are made at that time. You are not simply repairing an old ma¬ 
chine, but you are putting in new machines that are up to date, 
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and I think likely that the man has a better battery than he had 
before. I know a number of the plants that haye been spoken 
of to-night where renewals have been made, better stiilf has been 
put in tile battery, and the batteries are better now., and after 
ten years a battery will be a little more up-to-date than it was 
Avhen it started, though even then it may be thrown away on ae- 
eoiint, as I said, of possible consolidations or for a thousand other 
reasons. I take 10 per cent, as being conservative also, because 
a good many railway engineers have told me that they' are posi¬ 
tive that their ilywdieels and their bed-plates, and other parts of 
their engines are crystalizing in such a way as to make them 
dangerous in the coarse of time. Even if they keep up hearings 
and other things, certain other parts of the machiner j" are liable 
to changes in the constitution of the metal, and tliey^ wdll be 
afraid to run them when twenty years old. In the particular 
station that I have referred to here, the real reason for the excess 
of maximum capacity is very plain, and probably applies to a 
great many others ; that is, that the engines cannot lie run at a 
maximum load or anything like it, even allowing for setting the 
circuit breakers a good deal beyond the maximum load. If these 
engines are running at full speed and with full consiiiiiption of 
steam, and the circuit breaker goes out, the engine runs away a 
revolution or two, and the result has been in tins particular sta¬ 
tion since one of the pedestals broke down, and came very near 
wn^ecking the station, that you cannot get the engineers in attend¬ 
ance to run the engines in that way, and I have no doubt that 
this is true of other stations. There are other reasons, 
of course—economy and all that sort of thing. But it is simply 
impossible to run a station when the engineers are afraid of tiy- 
whesls or anything else giving out, so they always have a great 
deal of reserve capacity. 

In regard to the two points of the last speaker, I said in my 
paper that it was not safe to assume that the battery was always 
necessary. I think every case ought to be treated as a special 
problem'. I know that there must be cases where a battery 
ought not to be assumed essential. In some localities water 
power is so cheap that it is not worth wEile storing energy, and 
there might be other conditions. We have attacked a good 
many problems in Pittsburg and took particular interest in them 
because coal was delivered at about 45 cents a ton, (slack coal), 
in the power-house of the Consolidated Traction Company there, 
and yet they found it best to add storage batteries to their in¬ 
stallation, largely on account of the depreciation problem. They 
have put in magniiicent machinery there, and they would not 
try to run it without a more steady load than the ordinary rail¬ 
way service would provide. 

As to the difference in the views of engineers regarding the 
quantity of battery, and as to running big engines, 1 think time 
and experience will tend to establish a more uniform practice. 



78 


n. Mc,A. LLOYD ON STORAGE BATTERIES. Feb, 15 J 


People have not jet discussed the subject sufficiently and there 
has not been enough data published, or enough effort made to 
obtain data. 1 am very sorry that my own paper is so incom¬ 
plete in that respect. I hope some day that we shall be able to 
present a really thorough research in this class of work. 

I referred in .this paper to a way of using batteries that I 
thought perhaps some one might speak of; that is a possibility 
of simply using each generator with a constant load as it was 
added on, so that the day*s load in a lighting station would be a 
series of steps, but each generator that was put in service would, 
by means of a battery of medium capacity, have a steady load. 
But I think that it would be very difflcuit for an engineer of a 
station to follow these steps and put generators on just when 
they are needed; and for that reason I have not allowed 
the" same economy in running engines that way as in a station 
where the engineer is perfectly sure of what his load factors 
will be every day. 

Mr. President, have I answered all the questions? 

The President: —I think so, Mr. Lloyd. 

Mu. BiedSxVll :—In these days when we are struggling to get 
the last cent out of everything and the last watt out of every 
pound of coal, it is quite discouraging to ran across a peculiar 
plant, and I did it about a month ago. 1 was called upon to 
make a test of a plant to see if it could not be improved, as they 
thought that there was room for improvement. The plant was 
in a town of, I think, about 110,000 people. It consisted of two 
sheds; one contained the boilers and the other the engines and 
the dynamos. It was alongside of the railroad, so that they 
dumped the coal right from the cars into the boiler room. They 
had, I think, three or four horizontal tubular boilers and one 
Heine. Hothing of the boilers was covered, except by the brick¬ 
work at the side, 'ilie steam pipe was also bare. They had 
one cross-compound high-speed engine, non-condensing; twm 
smaller liigh-speed engines, two Westinghouse standard 
engines, all belted to dynamos of various vintages. Every¬ 
thing that was a back number and everything that w^as 
queer they had there. They had a wooden switchboard 
with the finest collection on it that I ever saw. They had 
one of everything. They evidently had called for samples and 
put them up. The man who owned two-thirds of the station 
after taking me around it said “What do you think of it?” 
Well, I did not dare to tell him ; I would have lost my job, as 
they say, right there and then if I had. I made notes of the 
machinery and then went back to the office. He said “ I don’t 
think that it is earning as much money as it should.” Well, that 
was my opinion too; that is what I thought then. We went back 
to the office and went over the earnings. In the station everything 
was dirty. The boiler room was not fit to pile coal in. It was 
simply the worst I ever saw; and we went back and went over 
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the hooks. The man that I was with was the pre.sideiiT and 
owned two-thirds of it. Another man was secretary and treas¬ 
urer; he owned the other third, except one or two sliares. which 
somebody’s wdfe owned, in order to make up the board of 
directors. That was the only station in the town. Up>uii t^ohi^ 
over the books we found that they had a capital of s*2f>,uo(T. 
They had machinery that must have cost them s40,OtH) at the 
time when they bought it, when the question was “How miic'h 
has the man got i”’ not “ What is the machinery worth f' They 
had capital stock of 8*25,000 and no bonds. *^They aisr> had a 
surplus of 825,000 in the treasury. I saw that with gu-ear ^Tati- 
fieation. Then I saw that they had paid no dividends whatever 
since the plant started ; but they had paid the president an aver¬ 
age salary of $20,000 a year, and the secretary and treasurer an 
average salary of 110,000 a year. He said “Where du you see 
any chance for improvement"^” I confess I did not see as miieli 
as I did when in the station. 

As to the matter of the peak of the load I would say that I 
am running a road now.in which we have about 40 cars and very 
few grades, and the load varies almost as niueli as it did when 
\ve only ran 10 cars on it. On holida 3 ^s and Sundays when the 
traffic is bunched at a park on one end of the line, by that mar¬ 
velous second sight that motormen have, to start eveiw ear at 
once, they open the circuit breakers very frequently. After the 
cars get started it appears to break the endless mental cliain be¬ 
tween the motormen. 

[Adjonrned.1 
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Discussion in CiiicAao. 

A meeting of Western members was held at the Technieai 
Club, Chicago, February 15th, 1899. The Local .Honorary 
Secretary, Mr. R. H. Pierce presided, and the paper was reacJ 
by Mr. E. J. Arnold. 

The Chaieman [Mr. R. H. Pierce]:—This paper, with all 
other papers on the same subject, necessarily makes a corn- 
|)arison between the first cost and the depreciaiion of electric 
storage batteries and steam plants. It also brings up the ques¬ 
tion of what is the cost of a steam plant per horse-power, and 
what ought to be the cost of producing a horse-power. This 
ought to open a wide field of discussion. I notice that Mr. Dow 
is present. From what he has told me about his own experience, 
he ought to be able to discuss this phase of the question. We 
liavm some figures of very ©heap power here, which. I think some 
one who is in that business ought to take up. 

Mr, Alex Dow:—T am very much interested as ameclianicai 
engineer, becpse the figures quoted of lbs. of coal and 3 lbs. 
of coal per kilowatt hour, and so on, are figures of very high 
economy. They are only obtained in the largest power plants, 
and under favorable conditions. In lighting stations they are 
very exceptional. 

The rernark interpolated by Mr. Arnold with regard to the 
number of pounds of coal per kilowatt hour is strictly true, I 
regret to say. I have stations on my hands now that don’t come 
dowm to nine pounds per kilowatt hour, and the best record in 
ray own practice is five pounds for the 24 hours, and approximate¬ 
ly four pounds on favorable occasions, with Ohio coal and series 
dynamos. 

I have had occasion recently to consider the use of the battery 
which is classified as small,” to secure regulation at a distant 
point. The investigation took me into several lines of inquiry, 
and incidentally caused me to go over all the data that I had’, ' 
and to make some experiments as to what could he done to con¬ 
trol momentary fluctuations, and to take ca^re of instantaneous 
variations of loads such as are shown in the curves here, while 
retaining a given steam economy; not to take care of them in 
the manner indicated in Fig. 1 by putting on an engine a great 
deal too large for the work, but to take care of them with an 
engine which would be economical under the actual conditions. 

I have found that the practice in a great majority of plants is 
to have an engine entirely too large for economy. I confirm 
most emphatically Mr. Lloyd’s statement that in many stations 
the engine is too large even for the maximum demand ; and that 
brought distinctly to my mind the idea that there is still much 
to be done in the way of adapting the steam engine to the actual 
conditions of electric lighting and power. Much can be done 
in the way of a proper proportioning of cylinders—usually in. 
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rediiGiiig piston area, while keeping the reciprocating parts of 
the engine strong eiiongh tor instantaneous maxim a, "and iisine: 
valve gear that will allow' a late cnt-oft*. I find that it it 
possible with such an engine to take care of flnctiiations away 
beyond the nominal capacity of die set, by inerelv havino^ 
plenty oi fly-wheel. T And that instantaneous loads of 10 or 15 
per cent alvwe the geoei-ator capacity can be disregarded alto- 
gctlier; that the av(n*ag;e of the load can be provided for by the 
praoer soiection of engine cylinders and cut-off in conjunction 
wiHi a trjielf heavier frame than usual. The strong' frame and 
recliirucatiiig parts ensure that there wdll be no strains of an in¬ 
jurious cl junicior produceci by tliose instantaneous loads in the 
engine itself, Thi--gmerator of iiow-a-days does not break down 
Tu;der such coiubtions F.u-merly, we used to strip armature 
\virirl:ngs when tluy got a Moiiien short-circuit or a sudden over- 
..oacf but as the gMuerarors are now built, the}^ donT do that I 
sbophi sav die functioii of the ‘\sinair’ ’oatteiy is not to take care 
Oi jrwfant Mieoas varaitioio-: wfiich can bo perfectly well taken 
care ol f)' a. .‘*fi*arn ongi.H ; our is to taJvc care of local variations 
Wiiicli are coniolicat d !;y -’opp<?i- !o‘scs in tlio lino. I believe 
tuit too pla:f ror the mhu. I Inticry '•o-oalhah is on the outly¬ 
ing Icra'iors ■iv;Hne i. can epiuiliz Mlnoofn lir.e and lioJil up tlie 
ioeal p *o>snre. I IkIi ve tijar, t'o'- (i:st«*ibu(no;) of several su«’h 


i. 


mailb Hlerics o\ 
lent engiiieerinig, an 


n, st:e-r» r.ob,\':iy syPrun wonfi 1)3 exceb 

.- g«'0<l rn‘>ii!ts when a similar aiiiount of 

Initfciy nn-t:i!led jit ilsi* station '.voiihl imt lx? pi'olirahle or desir- 
abhn It wcold permit the doingol one tidiigtiie vuluo of winch 
IS <mlv ocwtsoiially appreciated ; it would peianit the use of cop- 
])er adapted to the average load on the feeder rather th.aii to the 


maximum. 

fhe function of the ‘■bsinaJl baf-tery socuus to mo to be entirely 
to take care ol local, single haulers. If anything should go in 
the station at all, it should ])e at lec^st the ^‘medium’’ l>a'ttery 
though the author advocates the so-called largebattery. I 
tnink Mr. Lloyd is deserving the thanks of electrical engineers 
,i]^nera]ly for those tlirc‘(3 expr(3ssions. Tlicy define very distinctly 
the work which is re<iuir(><l of storage batteries under difierent 
coiiditioriH, and I Impe they will be adopted by people generally 
Avho are carrying on that (dass of engineering. 

liJE On AXEMAN :—I would like to ask Mr. Dow what, in the 
light of his reepit experience iu central station work, he thinks 
of the proposition of producing 557 watt hours from a pound 
of coal. ^ 

Mu, Dow : I think it is absurd. It is only possible to approxi¬ 
mate it with a sto,rago battery of the largest size. 

Mk. MAOKjoTij Coster:-— -I wt)u](l like to ask a question of the 
geiiticnnan who represents tlie storage battery interests. I note 
that the autlior in his^ paper places depreciation and repairs at 10 
per cent, I would like to know approximately just what per- 
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centage of tliis is to be charged to depreciation, and what per¬ 
centage to repairs. 

The Chaikman :— Mr. Appleton, yon may answer that in your 
own way. 

Mr. Joseph Appleton :—About six per cent., Mr. Coster, is 
very fair for depreciation. 

Me. Coster :—According to that it would be four per cent, 
for repairs. 

Mr. Appleton :—Of course in a storage battery the deprecia¬ 
tion is different from the depreciation of machinery. The way 
in which you provide for the depreciation of a storage battery is in 
time to renew the entire wearing parts of the battery. It is not 
the same in the depreciation of machinery. In taking care of 
the depreciation of a storage battery you renew entirely in time 
the parts which wear out, and therefore in a certain number of 
years you will have practically the battery in the same condition 
as when you began. Therefore the term depreciation of storage 
batteries bears a rather different meaning from the depreciation 
of machinery. 

Me. Coster :—In this connection I would like to express my 
opinion regarding depreciation of storage batteries, electrical 
machinery and engines. It is not safe for any engineer to 
estimate an amount less than ten per cent., per annum for depre¬ 
ciation. I was not surprised to hear that some engineers only 
allowed two per cent. I heard that a very jmominent engineer re¬ 
cently made a similar estimate in the case of a large installation 
which cost over half a million dollars. I surprised one of the 
principal financial men in this enterprise by assuring him that 
this estimate was entirely too low, and that *10 per cent, a year 
should be allowed. 

The generators and engines may be in a very good condition 
at the end of ten years,""bnt in the course of tliat time there 
would have been so much advance made in the design, economy 
efficiency and style of mechanical and electrical apparatus that 
they would probably be able to afford to throw away the original 
installation. If this holds good regarditig engines and dynamos 
it.probably would be more true of storage batteries. 

I do not wish anyone to think that 1 am not in favor of storage 
batteries. Three years ago when Mr. Arnold had occasioTi to 
install the first large storage battery plant in this city in the 
building of the Board of Trade, I did not think that it wonld be 
a aaccess. I was, however, one of the first to compliment Mr. 
Arnold on the great success of this installation. We should, 
however, not deceive ourselves and our clients by allowing only 
two per cent, for depreciation. Lot us come right down to facts, 
and estimate ten per cent, for 'depreciation of storage batteries, 
and other apparatus, and an additional four to six per cent, for 
wear and tear. I would like to hear the opinion of some of the 
other members on this subject. 
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Mr* Appletor: —I want to say a few words in reply to those 
remarks, for I do not think I have made myself perfectly under¬ 
stood perhaps. In the depreciation of an engine or piece of ma¬ 
chinery at the end of ten years, a certain amount of money, pos¬ 
sibly a great deal, may have been spent for repairs, but yon still 
have the same main parts of the engine and machine as when yon 
started. Now, if you put in a storage battery, at the end of ten 
years even with six per cent, depreciation you probably won’t 
have the same plates that yon started with; yon have an entirely 
new set of plates. Now, if there have been any improvements 
made in that time yon are enabled to get the benefits of those 
improvements for the same amount of depreciation. The ease 
is entirely different from the repairs and maintenance of any 
machinery such as engines, boilers or dynamos. 

Me, Costee :—Do yon not expect, in the course of ten years 
to have something in storage batteries a great deal more efiicient 
and better than yon have to-day ? 

Me. Appleton: —Well, we will have, and still, as I say, the 
only parts remaining will be the tanks and electrolyte. 

]\Ie. Coster: —How do you know that yon will need any 
tanks after ten years ? 

The Chairman :—Mr. Knox, the Electrical Engineer of the 
Chicago City Railway Company, is with ns, and I am sure that 
we shall be pleased to hear from him, as among the people that 
are directly interested in the question of the application of the 
battery to railwa]’ work. 

Me! G. W. Knox: —I came here merely to listen and learn.^ I 
will say, however, that in my case, as with most people, first im¬ 
pressions are often the most lasting. 1 mean by this that about 
the time i started in railway work I was sent to Dubuque, Iowa, 
to replace a storage battery road, which had proven unsatisfactory, 
with the overhead system, and that rather influenced me in 
thinking that the storage battery was not exactly what was 
wanted in street railway work. I will say, however, that at this 
time I am inclined to be a little more liberal, as there have cer¬ 
tainly been great developments in the application of the storage 
battery, more particularly, in central station work, and of late in 
the railway field. I have been watching wfith great interest the 
developments along this line. 

I can not agree with Mr. Dow in believing that it will pay to 
install a small battery at the ends of trolley lines to take care of 
the fluctuations. It will take some research and close estimating 
to.see where the economy will come in. Although the efficiency 
of our motors is lowered as oiir voltage out on the line drops, it really 
does no particularly harm no the motors to run for a brief period 
at the lower voltage, even with a drop on the line as high as 15 
per cent. So as I was saying, I believe it will take some close 
estimating to see where by the installation of the small battery 
to take np the fluctuations it will be found a paying investment. 
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Me. Aenold :-I would like to ask Mr. Kno.x whether in the 
distribution system of the iMl way company which he represents, 
the drop of 10 or 15 per cent, is the total drop from the power 
station. 

Mr. Kkox No. Tlie drop on line. 

Mr. Arnold :—If not, what is tlie probable niaxiinnin ? 

Mr. Knox : —I have places on the line where I have to take, 
care of as high as a 20 per cent drop. This of course is bad 
practice. But there is a condition that governs tliis state of 
affairs, inasmuch as we are short on the required conduit room, 
and we are also limited on the street where .we carry our overhead 
wires as to their number, and on account of tlie liability of 
change of conditions in the system of distribution we do not know 
just at this time whether it is policy to tigure on running any 
more feeders to the point where w^e have the 20 per cent, drop to 
take care of it. I refer to the Clark street line. But as a whole, 
outside of the Clark street line, we haven’t on our system after 
a thorough test, over a seven or eight per cent average dro]> 
This represents the maximum average, the general average ranges 
aslow as per cent. Of course we run a great deal of coppei*, 
and we have what we believe to be the most approved rail return 
in the shape of cast weld joints and immense quantities of copptn* 
cables, resulting in the saving of a great deal of the drop usually 
found in railway work. 

Mr. Dow:—I would like to ask Mr. Knox whether those, 
drops are averages, or whether they are the maximum. 

Mr. Knox:—I refer to the eight per cent as the maxiinnin 
average. 

Mr. Doav: —And that covers the instantaneous drop, for in¬ 
stance, resulting from starting several cars simultaneously. 

Me. Knox :—Oh, no. 

Mr. Dow : —What is it under those conditions ? 

Mr, Knox:— Well, we get 12 to 15 per cent. ; no more than 
that. 


Mr^ Arnold:— I think, Mr. Chairman, that the railway wliirdj 
Mr. Knox represents is particularly well located to keep its 
average loss* so low. Take the case of a l(>iig-dista,nce I'oad when^ 
the power station is quite a distance from each end of the lino. 
I think it would take a great deal oi copper to keep the a,vorag(i 
dipp up to anywhere near the figures given by Mr. Knox. Ij'ut 
with power stations located somewhere near the center of n 
mdiating system yon would have a condition which would rnuko 
it possible to hold the voltage upas Mr. Knox states. 1 thhik 
in the long-distance scheme that the regulating hattiu-y is re- 
quirea at the end of long feeders. ‘ 

The Chajesiah:—As Mr. Appleton will probably be jnorc 
familiar with the sabject matter of this paper than the rest of us 
1 would like to ask for our information regarding these watt- 
hours per pounds of coal. Ou page 50 of the paper I under- 
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stand that the theoretical cost of operation, with a storage 
battery, is figui*ed on the basis of 551^ watt-hours per pound of 
coal, and that the result obtained from tiguring on this basis is 
compared on the next page with the actual results obtained in 
practice. ~No statement is made as to how many watts were 
obtained from a ])0iind of coal ioi praetice. Of course I sup¬ 
pose tiny get just about half that result; that is to say, they 
would get about half as good a result as in the theoretical case. 

Mr. Dow:—We tigure a horse-power indicated for 1.12 
pounds of coal, which is a little too good. 

The (Jh airman :—I ligured it over as the paper was being 
read and made it about 1.20 lbs. I think it would be fair to 
figure the combined efficiency of a generator set at not over ST 
per cent. 

Mr. Dow^ :—I figure it 85 per cent. 

Mr. Appleton :—I may say, Mr. Chairman, I am not very 
familiar with the figures given in the paper. 

Mr. Dow: — I think there is a decimal missing there, Mr. 
Chairman. 

The Chairman : —As 1 understand the paper, the cost of pro¬ 
ducing the power on that basis is compared with results which 
were actually obtained in practice. The author of the paper, on 
page 48 criticizes Mr. Couant and says that none of his stations 
showed better than d pounds per killowatt hour. No\v, take 15 
tons of coal, running on a l)a8is of 3 pounds of coal per kilowatt 
hour, and those figui’es would show a conclusion quite different 
from what the author seems to have drawn. 

JSTow I would like to ask another question: The author of 
this paper has stated what he figures to be the cost of the 
generating plant complete, including stations, at $100 per kilo¬ 
watt. I tliink we would all be interested in knowing at what 
price he has figured the battery per kilowatt in making the com¬ 
parison. 

Mr. Arnoj.d :—He says distinctly without batteries. 

The Chairman: —Yes, but in other places he has compared, 
without giving figures, the cost of the plant with and without 
batteries. 

Mr. Arnold :—The price entirely depends upon the rate of 
discharge required of the battery. It may vary from $40 to 
$175 depending upon the rate. 

The Chairman :—Per kilowatt hour'^ 

Mr. Arnold -Yes. 

The Chairman: —To what variation do tliose figures corre¬ 
spond ? 

Mr. Arnold :—The price of a battery depends entirely upon 
the time in which you take its capacity out of it. In other 
words, if you discharge a battery in one hour you only get about 
one-half as much out of it as you would if you discharged it over 
a period of eight hours, so that its price would be double what it 
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would be at the eight hour ]-ate; so that when you figure batteries 
at so much per kilowatt hour you must know at what rate you 
expect to discharge. If they can be discharged over the entire 
period of eight hours they can be brought down as low as $40 
per kilowatt hour. Prices are advancing now, and as I am not 
in the battery business at present, I am not absolutely sure of 
present figures bat we have figured them as low as $35 per kilo¬ 
watt hour. If you go up to the one hour rate I think it will be 
as high as $100, and perhaps in some cases on a half hour rate 
the figures which I stated a moment ago, Ill'S. There are curves 
in existence which I had a hand in the preparation of, by which 
you can tell the cost of a battery if you determine the rate at 
which you want it discharged. It varies from $35 up. 

Me. Appubton ;~VVith regard to the question which Mr. Dow 
raised about the regulating effect of a “ small ” battery, I have a 
case in mind now where a “small” battery is put at the end of a 
long feeder nine_miles away from the power-house. A sub-sta¬ 
tion has been built at that distance from the power-house on a 
line extending about three or four miles beyond, and about three 
miles back towards the power-house. The maximum amount of 
current delivered from that power-house reaches as high as 1,000 
amperes, but the average during the day is about 400 amperes. 
Ihis_40u amperes is sent up over a feeder to the battery and is 
dibtnbutGci es tliG lo8.d rG(][uir6s Et any r8;t6 up to 1,000 simpGrGs 
the average amount being sent up of course instead of the maxi- 
mum. Trie question of the regulating effect of batteries on rail¬ 
way loads IS a very interesting one, especially as regards the effi¬ 
ciency of the battery and the amount of work actually done by 
the battery under such conditions. ^ 

Dnder those conditions the efficiency of the battery is hivb 
because the charge aud discharge are 'intermittent, and you are 
working the battery under the most efficient conditions. 
Ihe amount of charge put into the battery is recorded 
by a^ wattmeter, and the amount taken out of the bat¬ 
tery is .recorded _ by a separate wattmeter, and the average 
monthly efficiencies are from to 95 per cent., accord- 
nig-to the care.with which the charging is watched. This battery 
is given a, little charge every night during the Lours of light load 
and if the men are careful to stop the charge or reduce the 
charge when the battery is full, the efficiency will reach as high as 
95 per cent, m watt efficiency. That, of course, is very difflrent 
from a battery which is entirely discharged at one discharge and 
then charged up again. In that case, the efficiency of course is 
not over 75 per cent. 

The, Metropolitan Street Railway Company in Hew York has 
really installed two large batteries that are not only for regulating 
purposes, but also for the purpose of taking a portion of the 
tpey have opp haftery installed at the' foot of West 23rd 
street, and there the peak in the afternoon lasts from about 4 
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until about half past 6, and the wort done by the battery during 
that time is very interesting. Taking one day the maximum rate 
reached during that two hours and a half is 2,400 to 2,600 am¬ 
peres. That is the maximum rate at which the battery discharges 
during that time. Yet the total amount of work done by the bat¬ 
teries during that two hours and a half does not exceed about 1,800 
ampere hours, or an average for the two hours and a half of be¬ 
tween 700 and 800 amperes discharged. 

I have in mind another small station operating five cars sup¬ 
plied entirely by a rotary transformer. When the five cars are 
running, the linctnations of course are very great. The maxi¬ 
mum demand on the line is about 300 amperes, but that does not 
occur very often. At that time the maximum load on the rotary 
is about 100 or 125, or less than one-half, and the average load 
on the generator is about 80 amperes. 

This shows very clearly how the battery used as a regulator in 
that w^ay, wdll reduce the required capacity of generation on a 
rotary transformer. It think it is in this field particularly where 
the large use of storage batteries will be, as the use of rotaries 
has come into vogue so extensively. 

^ The use of storage batteries at the power-house is of course 
dijfferent. Exit by the use of the battery at the feeder end you 
not only get an equalization of the load on the power-house, but 
you make a saving in the investment in copper. Whereas, with 
the battery at the power-house you use it for the better evening- 
up of the load on the generator. 

The whole question of the use of batteries for this purpose is 
best studied in the actual operation of a plant after the battery 
is put in. In laying out for the use of a battery in work of this 
sort you can see many advantages, bnt there are others which are 
peculiar and ))articular to each condition, wliicli are not fully 
realized until you get the advantage of operation. It has been 
my experience thattliose in actual charge of the operation always 
find many more advantages and very different ones than those they 
were expecting when the plant was put in, and it is due to that 
as much as anything, I believe, that the use of the storage' bat¬ 
teries is growing so in connection with this work. 

Mk. Arnold:— I think, Mr. Chairman, that one of tlxe points 
brought out by Mr. Appleton is very important. I think that 
Mr. Ap))leton himself lias only recently found it out—within 
the last few months I mean—and he is the only man who is in a 
position to find it out, and we are very fortunate in having Mm 
make it clear to us. That i^s the increased efficiency of a regulated 
battery over and above what we have always supposed it to be. 
We have always thought that if we got an efficiency of 80 per 
cent, out of a battery we are doing pretty well. Now Mr. 
Appleton informs us that the efficiency of the battery under 
those circumstances is as high as 95 per cent., and he backs the 
statement witli tests wMch he has made, and the monthly records 
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of the charging and discharging of the battery. That certainly 
puts the battery on a mnch higher plane for one of the main 
purposes that it has always been advocated for; that shows that 
it is a remarkably efficient piece of apparatus, and that it is now 
in the same _ class as the static transformer or the rotary con¬ 
verter-getting in very good company. 

Me. Dow Do I understand that the battery was discharged 
at quite a high rate and it was charged at short’intervals 1 

Me. Appleton :—The average current coming over that field 
was only 4o0 amperes, and therefore the rate of charging could 
not exceed 400. But the rate of discharge would be tiOO at the 
the time of maximum load, and the thousand amperes or 400 
amperes coming up over the feeder would be distributed as 
needed from the battery, making the total output 1000 amperes, 
that is, at moments of fluctuation caused by the cars gettino* 
bunched, coming up a hill, or something of that sort. “ 

The Chairman: —What would be the capacity of that battery 
based on the ordinary eight-hour discharge. 

Me. Appleton : The battery nas an hour I’ate of 600 a.mperes 
or 1200 amperes at an eight-hour rate. 

The Chairman : —That is all right. 

Me. Appleton :—Then we really Avould 
charging simply as the load varies.' 

The Chairman :— But at quite a high rate as compared with 
the figures that are ordinarily given for charging and dis¬ 
charging. 

Me. Appleton: —No, sir, the average load on that section 
n 6 vei falls bGlo'W' about 200 aiDperGs, tliercfors tliG battGry hardly 
ever char^'es above 200 amperes, and that you see for a sliorh 
time. The load in that section would never fall di>\vu to norh- 
in<2j. If it did tall dovvn to nothing the rate ot cliar^'e would bo 
4 ou arapores during that time, as 4 d 0 amoeroo is tho ordinary 
cunjent being sent up to that section ovoi that feeder. 

i iiih; Ej-ul. a chargo or <l- 3 charre rOO a 113 acres 
on the batrery. 


be charging and dis- 


-I sc 


. c.airge ot 200* and 


.Iiiram dis- 


Mu. Applutox: 
charge of 00 0. 

The CHAiPM-izT i W ell, that rate 01 chir.gG aiui discliani^’e on 
a battery of the capacity of only 1 lOiQ anioere hoir's at dieTioIit- 
hour rate, would really be a high luto, wimid it n-.t i "" 

Mb. Appleton : It is only rhe one hour rate battery iiown sir. 


ror 


regulating 


work of that 


which I think is almost ’universal ^ 
sort. 

Tp CHAmMAN :—What I am trylncf to ^ct at is, that this InVh 
elhcieney which you get is due to the intermittent work on the 
battery. If it was charged and discharged at anvtliiipv like that 
rate constantly you would not get that efficiency.' 

Me. Appleton Certainly not, because the charge and dis¬ 
charge are not continued long enough to allow the voltage of the 
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batterj to drop down in discharging or I'aise in charging to aiij 
appreciable extent. It does not give time for the gas to form on 
the plate. (Jii the other hand, the discharge is not continued 
long enough to allow a great drop. 

Tjie Chaiemax:—S o that it is operated with the same advan¬ 
tage that you would get with an open circuit priniaiw battery. 

Mr Appletox :—Of course. Tim inteiaial resistance of a 
primary battery would b(* so great that if any work was done at 
all it would drop down, but the internal resistance of the storage 
battery is so low that a diseharge for a short time hardly de¬ 
creases] it at alL Your dischai-ge is almost the same as an open 
circuit under those conditions. As a matter of fact batteries in 
regulating duty of this sort, work at an average of 2.08 volts. 
That is not the same value they would have if worked at a steady 
diseharge extending over eight or ten hours. 

The Chaiumax :—The real work being on the straight part of 
the curve all the time, fchey don’t get the loss that you get on 
the rise and fall, which is a great portion of the loss. 

Mr. Appleton :—That is it exactly. 

Mr. Dow : —This variation was in watts. 

Mr. ArPLE'roN :—Yes, as measured by a wattmeter. 

Mr. Dow :—As a mere matter of curiosity would you tell us 
what the ampere efKciency would ho !? 

Mr. Appivkton :—Well, in that connection 1 couldift tell, sir, 
because we never measured it, 1 would say about two per cent, 
higher. ■ 

Mu. Dow : -Tinm Ihat (lomoiietnites that thc^ variation of volt¬ 
age is very sina!!,. 

Mu. A ppLET.>N : ~!t is very suuiU !i\;lee«b You arc operating 
almost at a eoastaui vo fcayo under t!i:;se condirioics. 

Of roiii'so ilmrc is point ] wou’r'! like to add in conneetlon 
with that sratenient ■: That in ord, r to <d)tai!i the best results, 
the nuiidocr of cells must be very caveriiliy adjusted to the aver¬ 
age voltage at that point. If you have too few^ cells the hmtery 
will of neeossity overcharge and destroy the eliieiency, 

[AdjcnnicJ subjcM^t to the call of tlio ;:^ccrctarj.] 
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The 133rd meeting of the Institute was held this date at 12 
West 31st street and was called to order by President Ken- 
nelly at 8:25 P. M. 

The President :—The Secretary will read the announce¬ 
ments for the evening. 

The Secretary At the meeting of Council this afternoon 
the following associate members were elected. 


Name. Addres.s. 

G-itEGO, Tom Howard Supt. Electrical Construction, U.S. 

Light IIousc Board, Tompkins- 
ville, S. L, N. Y., residence, New 
Brighton, S. I. 

Hoek, Haeoli) J. Electrical Engineer, John A. 

Roebling’s Sons’ Co., residence, 
W. State St., Trenton, N. J. 

Johnson, Howard S. Engineer and Sales Agent, Morgan- 

Gardner Electric Co., residence, 
70 Jcirerson Ave, Columbus, 0. 


Midler, Herbert S. Electrical Engineer, Diehl Mlg. 

Co., residence, 1025 E. Jersey St., 
Elizabeth, N. J, 

Pomeroy, William D. Electrician, Akron Electric Mtg. 

Co., 110(5 So. Main St., Akron, 0. 


Whitted, Thus. Byrd Electrical Tester, The General 
Electric Co , residence, 211 State 
St., Schenectady, N. Y. 

Total 0. 


Endorsed by 

Leroy Clarke, Jr. 
0. R. Roberson. 
J. D. Bishop. 


J. H. Klinck. 

H. S. Webb. 

W. S. Franklin. 

Fred’k Bedell. 
Harris J. Ryan. 
H. S. Rogers. 

E. H. Bennett. 
Philip Diehl. 
Ralph W. Pope. 

H. J. Ryan. 
Chas. S. Brown. 

F. W. Plasterer. 

A. L. Rohrer 
0. P. Steinmetz. 
Theo. Stebbins. 


The Council, iu accordance with the Constitution, canvassed 
the returns from nominations and selected the following Council 
nominees for the coming election. 

Foit PiiEsiDKOT:—Dr. Arthur E. Kennelly, 
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Foe Tioe-Fef.siblE’ts 


:„„J. W. Liel), Fr., Cliarles F. Scott, and 


L B. StillwtrlL ^ 

]’'oR M ^—0. O. Malllonx, S. Dana (jrccnc, O-. 

iF-adiev, W. D. 'Weaver; and in place of W.^F. C. Hasson of 
Sin Fniiicisi'O, vF.io has resiji^ned on account of removing to too 
Ha‘VJim Islands, Dr. F. A. 0. Perrine has been appointed by 
f.'oniicil to lil! o:it the iinexpired term of one year. 

For. Te!^-asi rtcr “—C-reoroi^e A. Ilainiiton. 


J. 


For Seceeevky :—Ralph W. Pope. 
The following Local 
For Great Er*'tahn 11 


ilonorarv Secretaries were appointed: 
! h\ Parshail, Dmdon: for Australasia, 

T T-» (• O T> 


Fitzinanricc, Sydney, N. S. W.; for Canada, ProF R. B 


Owens, Montreal. ^ 

'j’[T2 pEr>iDJ:xTTim biinness of the evening will be tne 
eoiisiclerat on of a paper by Prof.. Pupin on the ^^Propagation of 
'Lon.'i* J .leetric avesd' M'e hav'e ilie pleasure Frol. Pnpin'S 
presence and will a, 3 k hl:a to come forwe"d and present the 
pa])Civ 



A -paper presented at Aio T3~d jltctirp" 
of the Amea'icau lubtAui" (f EActricui 
E?ig'ineers^ Nero York, March 22^ <Soc; 
President Ke?ineUy in the Chair, 


propagation: of lo:t( 


I'i A ^ 


I:;troductio2i 

Thu paper (lcKcril)CS aa e::perimeiital nictiiod of ir.eestipt’ce 

ting tlio |>ropagatioi» of long e!ectri?al vrarosanc! Lisc-a-.scs t'.:o 
iiiatlicinat.ical tlioorv bearing xipon rl;e samo, 

Tho study of the pronagarion of cloetrical \ravP3 rcceircd a 
p-oworfnl impulse bv Tlc-tn’s disco very of a meth.od of producing 
waves tho Iciigtli of Neiicli could bo coiiveuieidly measured 
\yithii) the space of a laboratory. The oscillations whic;. ciiiit 
susli waves .arc of .very higli freqaency; in the viemitY of a 
thousand million vibrations ]'>er second. 

in tolophonj, talography, and iong-distance transmission or 
power, oscillations of only several luuulrcd vibralicn.s po- 
second, or oven Ic.ss than one Iran Ired arc employed. ^ b he 
waves accompanying tliesc slow xibraiions are aan Jved.s ot mi es 
long. It seems, therefore, a hopeless task to undertake to de\ i-c 
an experimental method witich will do for these excessively long 
waves what the Hertzian method has done for snort waves, the .-o- 
called Hertzian waves. This explains the .mga.ar lacl thtU 
whereas tlutre is an extensive mass > 

thrttw mmdt light upon the mathcrnatieal theory of dm 
waves fJure dv rnlai/miredya expe>yn<^nt yucicanHuOi 

any llyhi vimn. fhn malhunallGCil iheonj o;r long i'c.uy 

The experiments described in Section III. of this paper are. 
tlii>refore the iirst e.xpcriments of tins kind on 

‘"Cl-. - “ “■ r/r”? w 

„vcc.„ the thcor, o sho.-. —'1^ ° 

wave., and tl.at whatever throw, l.ght upon one .,..on.d .ll..n.m 

OB 
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ate the other also. But this difference does exist, and it is dne 
to the fact that the Hertzian waves are waves emitted by 
free oscillations, whereas the long waves employed in teleg¬ 
raphy, telephony, and long-distance transmission of power, 
are due to forced electrical oscillations. The one theory deals, 
therefore, with free, and the other principally with forced elec¬ 
trical oscillations. Besides, these long waves proceed generally 
from a terminal apparatus of large impedance and the principal 
object in transmitting them is to have them absorbed in a re¬ 
ceiving apparatus of large impedance. The question : How 
much of the energy transmitted at one end is received at the 
other end ? is tlie principal question in the mathematical theory 
of long waves. The experirnental researches which have done 
so much for our clear understanding of the propagation of the 
Hertzian waves can, therefore, help us but little in the advance¬ 
ment of our knowledge of the mathematical theory of propaga¬ 
tion of . electrical energy for telegraphy, telephony, and long¬ 
distance transmission of power. 

The shortness of the wave-length makes the Hertzian oscilla¬ 
tions manageable, the excessive wave-length makes, apparently, 
the experimental investigation of the propagation of slowly alterna¬ 
ting electrical vibrations a practical impossibility. But does a long 
period necessarily mean a long wave? The wave-length of sodium 
light, for instance, is shorter in glass than it is in vacuum, because 
light travels more slowly in glass than it does in vacuum. If we 
could increase the index of refraction of glass to anything we please, 
we could correspondingly diminish the wave-length. It is all a 
question of velocity of propagation. Xow the simplest manner of 
viewing this velocity is that devised by Fresnel. ' He constructed 
over the same base in the boundary surface between the two media 
under consideration two cylinders parallel to the raj’, one cylinder 
extending into the vacuum and the other into the glass. Let the 
heights of these two cylinders be each equal to the velocity of 
propagation in the two media, then whatever radiant energy was 
in one of the cylinders at any given moment will be in the other 
after the. lapse of one second. The velocity of propagation is, 
therefore, proportional to the amount of energy which the 
medium stores up per unit length of the rectilinear path of the 
ray, when a given stress is propagated through it. If in place of 
glass we interposed in the path, of the ray a substance which could 
store up .one million times as much energy per unit length of 



1899.J 


PUPTJSr ON LONG ELEGTRIOAL WAVES, 


95 


rectilinear path as the vacuum can when the same ray is pro¬ 
pagated through them then we should have the velocity and there¬ 
fore the wave-length also one million times smaller in this medium 
than in vacuum. 

This very thing can he done in the case of electrical waves. 
Consider a coil represented in Fig. 6. 

It consists of a certain number of layers of copper wire wound 
in the following way :—After winding a layer of wire, a sheet of 
tinfoil is wrapped around this layer; the next layer is then wound 
and again a sheet of tinfoil wrapped, and so on. The tinfoil 
layers are connected in series to each other and then grounded 
through c. Everything is adjusted in such a way that the coil when 
completed has the same coelBcient of self-induction, the same 
capacity, and the same resistance, as a first-class telephone wire 
ten miles in length. The distance between the faces of the 
coil is three inches. Such a coil is capable of storing up as much of 
the energy of a given electric wave as a long-distance telephone 
wire 10 miles in length can, hence interposing such a coil in the 
path of an electric wave will make the wave advance through a dis¬ 
tance of three inches only in the same time during which it would 
pass over ten miles on the telephone wire. Connecting 2-t: such 
coils in series we have a loop which is in every particular equiva¬ 
lent to a loop of long-distance telephone wire 240 miles in length. 
An electrical wave will be propagated along it in just the same 
way as along the telephone line, with no other modification except 
that which a ray of light experiences in passing from a vacuum to a 
denser medium, and that is, a smaller velocity and therefore a 
shorter wave-length. A wave-length of, roughly, 140 miles cor- 
resonds to a frequency of about 1,000 periods per second when the 
wave advances along the telephone line now in use betweenNew 
York and Chicago. Now 140 miles of a telephone air line corres¬ 
pond to 14 coils and therefore the same wave advancing through 
the coils would develop its whole wave-length wdthin these 14 
coils. The wave takes a spiral path. The axis of the spiral 
equals the length of the 14 coils, that is three and a-half feet. 
The rectilinear velocity of the wave and therefore its rectilinear 
wave-length have been reduced over two hundred thousand 
times. 

Such a slow^speed conductor is an exact representation of a 
medium, possessing an excessively high index of refraction 
Q-Tid offers a new and convenient method of producing short 
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u'arcs e^'eri for rc/v loo::, porioJo o' o'^oi^blio i. II 
"iicreforca the j'bieijoiaona oi pi opaaaiioi; of I'ojp” (‘loolriciil 
vraros witliiii tlie reaeii of lohjorafoio iovopfioprioio fVar'Jo 
'briefly sfated, is tbe new uxiperloicntai lootuod wb.ieb l-rrojo the 
subject of this papeix The uialtei^ i;« (!iscasso(i rnll\ i:; dectioo 
ill 

The scicntilic irstjrei:!;uliocJjod 'O eA'poi'i.ociih’O 'as'osijpihiorjs i>l 
tijis kiiid iieodsiso fiirtliercoajineritarv. Their oraeaejl ut ihh will 
03 t‘VKl:-iir vrhe.i ODe crird.brs thal ver, ui.vjv pr.i,:rjeai Pi*/)loiris 
ill telcpitiphy. teiephoiij, rnd iorip-(]i.h"aiK-.e IiMrs,.ohiisro:), of 
■powej* drpeiid uii expcriiocoshil rjve;ti:pit‘oir^' ^‘T IJh.-: 
hiioirhearrs artiiida! caldcs licvo !:e^j,od iiii:cii ro ad o:ore tiie on, 
aiio the sciciifO ox snhijo.i'iiK* lolcprrpo'iv ; (he ; io\'. *, purl I'o::- 
dnetor described i:i this paper rriii^ it i,-- hoped, d > ITr hi.id lines 
03 ujocdi 03 MiiiTioaclT arnfLTi! oah!^*- lic-ve do -iPe ;,ah:i:r:di'o 
eahlec. 

TLo £lor;-cpc£cl coadoclO'r y:r.t domihed vo::; '^:j.r;:o!ed 
over four years ago in tlie electro inccl.arhcrd kdrjratoiy ex 
L^olurnbia Uidveicity. it wao a I'Oiric-ir.adc ali'rjh" Vtinl iiiti’ongh 
adjusted with tiie liTeatcGt care it dev(doped a crrhaiii ohjrvtioin 
able icatnro woicli those skilled in the art of iiaianfiictaring 
eoncleiipers eo:ild have foi*etold with eer:aii:ty„ its ea|KM'ity and 
leakage ecaislaiit vaikd conK‘c’cud.i\ and it eoidd i et hhind a 
high voJtagTj net higher (han bOd volts. To (-vemrno ihis difli 
colty a new fmn ox shn.v-specd coadcctor rcpHTseiitcd li 
figs. 10 ajid 11 MT.s coii.''ti'nctccL di i.s ('‘vu! is valhrj *\ 
iWifluGfor. In how farrlie iiiathcnaatiea! tlicorv of eloo! rival iinv 
pagatiori given in Sect. Iisapp]ica.ble to sndi a coaduetra- hael t!d)o 
snowii, This is done in Section II, where two arrangeinentc aio 
discussed and it is shown that a conductor of this kind coiisisfr 
nig of TOO sections, each section having the same coelHcient of sed b 
induction, the same capacity, and the same resistance as a lonn- 
diotance telephone wire of 2-^ miles iu length is efjnivalent to a. 
loop of such a wnre of 1,000 miles in length for all frequencies 
which are of any importance in telegraphy, telephony, and long™ 
distance transmission of powder by inaehiiiery designed to geiuir- 
ate electromotive forces of frequencies which are ih»w generally 
employed. This part of the mathematical theory contained in 
tins paper is believed to be new. The other part, contained in 
Section X, IS, of course, not altogether new. That which is com 
sidered novel and important should be stated here briefly, for 
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tlie purpose of elucidating beforehand the plan of this somewhat 
lengthy essay. 

The most essential elements in the mathematical theory of 
electrical wave propagation are contained in the answers to the 
foEowing two questions:— 

First Question ,—What variation does the wave energy undergo 
during its propagation from the transmitting to the receiving 
apparatus? 

The mathematical theory given in Section T. of this paper an¬ 
swers this question by constructing the mean electro kinetic 
energy curve for two most important, and, at the same time, 
most general cases. In the first case the effect of the transmitting 
apparatus alone is considered, in the second case the effects of 
both the transmitting and the receiving apparatus are taken into 
consideration. In the first case the mean electro-kiDctic energy 
curve (Fig. 2) consists of the superposition of a simple harmonic 
upon a catenary, in the second case Fig. 3 this curve consists 
of the superposition of a double harmonic upona double catenary. 
The mechanical illustration of this result is extremely simple and 
seems to have escaped the notice of previous mathematical in¬ 
vestigations. In the first ease the curve can be illustrated by 
the forced vibration of a heavy string which is stretched by a 
certain tension between two points on the same horizontal line. 
In the second case the mean electro-kinetic energy curve finds 
a striking illustration in the forced vibration of a heavy string 
stretched by a certain tension between two points on the same 
horizontal line and carrying a weight at its middle point. An ex¬ 
perimental investigation described in Section III. led to the 
conclusion that this is one of the most striking features of the 
propagation of long electrical waves and the theory in Section I. 
as formulated in such a way as to give a strong emphasis to this 
interesting feature. This is one of the elements which is con¬ 
sidered important and novel in the mathematical theory of 
Section 1. 

Second Question. — What are the means which the theory 
suggests for measuring the wave-length and the velocity of pro¬ 
pagation of long electrical waves which accompany forced elec¬ 
trical oscillations ? 

The mathematical theory given in Section I. answers this 
question. It shows that having plotted the mean electro-kinetic 
energy curve by measurements which involve the use of an 



98 


PUPIN ON LONG ELECTRICAL WA VEB. 


[Mar. 33, 


ordinary anameter or voltmeter the wave-lengtli can be deter¬ 
mined from this curve by measuring the distance between two 
sharply defined minima. From tlie wave-lengtli and the 
known period the velocity of propagation can be calculated. 
This experimental metliod is essentially the same as the one 
which Hertz employed for rapid oscillations. It could not 
conveniently be applied to ordinary telegraph and tele¬ 
phone lines, but applied to a “slow-speed conductor” it en¬ 
ables ns to measure the quantities just mentioned with 
as high a degree of accuracy as may be desired, in fact the method 
becomes with such a conductor more direct than, and at least as 


accurate as, the Hertzian method, provided, of course, that one 
has an accurately constructed slow-speed conductor at his dis¬ 
posal. This is the second element which is considered import¬ 
ant and novel in the mathematical theoiy of Section I. 

>■ Therearetwo more motives which influenced the formulation of 
the mathematical theory of Section 1. and which should now bo 
mentioned. The less important one will he mentioned first. It 
is clearthat equation (6) of this section is the most comprehensive 
mathematical statement of this theory. It is the general solu¬ 
tion of the equation of propagation. Fi'om it the forced as well 
as the free oscillations are deduced in this paper. This gen¬ 
eral solution was stated in that particular form, because '^the 
general solution of the diflierential equations of electrical oscil¬ 
lations on a “slow-speed loaded conductor” discussed in Section 
II, is of the same form, so that a comparison of the two cases 
can be readilj made. 


The second motive concerns what may be called the physical 
aspect of the mathematical theory of wave propagation along con- 
ducting wires. Most of the mathematical investigations dealing 
with this subject are purely symbolic. Mr. Oliver Heaviside 

ga»e of tt,sijn |s„s„,ge of mathematical analysk ]i,it Mr 
H»™de’sEngW,ia ofteo mo„h clearer tlmn 4 Arithmetic' 

remains yet to be done even after Mr. Heaviside’s most brilbant 
epoch of intense activity and radical reforms in the field of long 
wave propagation. That which remains to be done is not so 
much on the purely mathematical side of it for that is 
well enheretoed ..w, and h„ heea eo ever a ii 1,T 4 'u 
grange and Fenrier. It ie the phpical aide of the 11,0™ tlM 
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needs cultivation. The time seems to be ripe for looking upon 
the problems of electrical wave propagation somewhat in the same 
manner m which the physical theory of light views the phe¬ 
nomena of radiatimi, reflection, interference, and absorption, 
ccording to this view tlie transmitting apparatus is a source of 
a la loiij t e receiving apparatus is a boundary of secondary 
radiation due to reflection of the wave energy which arrives 
there; the wave on the line conductor is an interference wave 
the components of which are the direct wave from the trans¬ 
mitting end and the reflected wave of the receiving end. The 
power absorbed by the receiving end is equal to the difference of 
the wave energy which arrives there and the energy which is 
reflected per unit of time. Then again there is energy absorbed 
all along the line whieli interferes with the efficiency of trans¬ 
mission. To nduce this ahsorption to a minim,um. withovd in- 
creasing the cost of the line leyoml pmhibttory limits is the 
rdUm.a thule of long-distance electrical transmission en^gineering 
ihiB problem contains the most essential point in the whole theory 
of electrical wave propagation for telephony, telegraphy, and other 
purposes. A mere mathematical solution of the equation of propa¬ 
gation does not shed much light upon this side of our theory; a care- 
ul physical consideration of the matter will supply the deflciency. 
Thus, the power absorbed in any element of the line depends upon 
the angle of lag between the current, and the potential gradient or 
electromotive intensity in that element. Such is the physical 
view of propagation of light through absorbing media. 'This 
angle depends upon the ratio of reactance to resistance of the 
element and we have at once the simpU rvU that an efficient 
transmission requires a line in. wh ich the reaatan oeper unit length 
s/unild he large in comparison to the resistance. In other words 
the power factor ot the line should be as small as possible. Tlie 
ideal line acts like a perfectly transparent medium. At every 
pointof such a medium the electric force and the magnetic force 
differ in phase by a quarter period. The introduction of these 
elements into the theory of Section I. forms another novel 
feature of this section, and this introduction seems to simplify 
both the mathematical form and the physical aspect of the 
theory very much. 

To bring this theoiy within the reach of those who mostly need 
it, and that is telegraph and telephone engineers, is one of the 
principal aims of this paper. Hence its somewhat didactieform. 
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SECTION I. ^ 


Elboteical Oscillations on a Linear Conductor of Unifobmlt 
Distributed Capacity, Self-Induction, and Eesistance. 

The conductor is a loop of wire a b (Fig. 1). At one point of 
the loop is a transmitting apparatus a, at the diametrically opposite 
point is a receiving apparatus b. The distance between a andn is Z, 
equal to one-half the length of the whole loop. The distance of 
any element ds from a is denoted by s. 


s 



Fig. 1. 

G-enbral Solution of the Problem. 

§1. Let A, S, 6, be the coefficient of self-induction, the 
ohmic resistance, and the capacity, respectively, per unit length 
of the line. Let y be the current and V the potential at any 
element ds^ then by putting the sum of reactions in ds equal to 
zero, in accordance with the law of equality of action and re¬ 
action, we obtain 

(x^+^, + iI)«!.= 0 (1) 


An observation should now be made which is usually over¬ 
looked. In forming this equation the dissipative reactions set 
up in the neighboring conductors have been neglected. The in¬ 
accuracy thus introduced is small for air lines. In the ease of 
submarine cables the errors arising from this may be con¬ 
siderable. 

If X be the displacement current, then 


dt 


y 

ts 


( 2 ) 


From (1) and (2) we obtain the equation of propagation :— 


L -4- R ^ y =: ~ y 
M ^ dt O ds^ 


( 3 ) 


The current is propagated in form of a plane wave. The 


1. This section read before the American Mathematical Societyy February 
meeting, 1896. 
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Telocity of propagation v, neglecting the effect of the resistance 
is given by 



VL O 


Arbitrary oonditions :—The equation of propagation was de¬ 
duced from (1). This last equation is a mathematical expression 
of the law of equality of action and reaction at any point of the 
line where the uniformity of the line is not disturbed by the in¬ 
terposition of transmitting or receiving apparatus. But at points 
where such apparatus exists the mathematical expression for the 
law of equality of action and reaction is different from (1) and 
has to be determined from physical considerations in each particu¬ 
lar case. At such points the equation of propagation will be 
modified. There are evidently as many of these subsidiary 
equations as there are points of discontinuity on the line. 
They are said to express the hoimclary conditions at these points. 
The mathematical function for the current y will have to 
satisfy not only (3) but also every one of the boundary equations. 
The conductor discussed here has two such points, a and b. The 
arbitrary conditions entering into our problem will be completely 
specified if we know the manner in which the electromotive force 
generated at a is impressed upon the line and if, in addition, the 
constants of the circuit in the transmitting and in the receiving 
apparatus are given. This will be done now. 

Grenerator at a impresses an electromotive force 

« =/(! 5 ) 

where/* (25) is some analytical function of t. 

The electro-magnetic constants of the circuit at a and b are 
as follows:— 

Zo, i?o, Co, and Zi, i?i, 6\, are the effective co-efficient of self- 
induction, the effective resistance, and the capacity of the trans¬ 
mitting and of the receiving apparatus, respectively. 

This fixes the arbitrary conditions and we can proceed now to 
deduce the equations, which express the boundary conditions. 


Let 

Vq be the potential at ^ = 0 

u 


“ “ s = 2 Z 

Let 

i . « 

1 V'l 

“ “ s = Z 



102 


PUPIN OPf LONG WLEGTRTOAL WAVES. 


[Mar. 22. 


Where is the potential at that terminal of the receiving ap¬ 
paratus which is nearest to point « = 0 and F'^ is the potential 
at the other terminal. 

Let Po potential difference in condenser Co* 

Let P, “ “ “ “ “ ■ “ 

Stating the law of equality of action and reaction for the 
terminals of a and b we obtain the following two equations ex- 
pressing the so-called boundary conditions *. 


[ A ^ 2/ + -Po + Fo - ^ =/(t) 




It should be observed here that we infer from purely physical 
considerations that the potential F'is discontmuous at s = 0 an 
s = 1. In a symmetrical system, like the one before us, the dis¬ 
continuity amounts to this: 


Fo = — F, 

F = — F, 

In other words 

F = — V' 

where F is the potential at any point between s = 0 and s = ^ 

, -rr/ £c cc it “ 5 = Z and 5=2 I 

and F 

It is also a matter of purely physical considerations which leads 
us to assume that y is a function which is continuous all along 

til© line • 

The physical meaning of the problem suggests the foUowing 

solntion : 

y = ( cos TO c -f .^2 sin TO c) (p) 

where g = I — s and the origin of co-ordinates is thus transferred 
to the point where the receiving apparatus is located. 

This will satisfy (3) provided that 

— = hi O P) 
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Solution (4) contains three arbitrary constants. Zi, and \ 
as many as the number of existing arbitrary conditions. 

These constants are selected so as to satisfy (4). This is done 
by inserting the value of y from (5) into (4) and determining 
K% and X'l so as to satisfy this equation. It is evident that k 

= h. 

To calculate and introduce the following abbreviations:— 

^ = + -Y-Q^ 

A = A + 

lui — k O {k 

h, = k G {k k, + 

I)o= k OK 


The following values for and Kz are obtained from the 
two boundary equations;— 




2 m Ko 

K Ka 
F 


where 

F — (/to /ti — I w®) sin m / + 2 ju (/to + /q) cos m I 
and equation (4) can now be written 

y = [ 2 cos m c + /tj sin m v ] —p— 


(6) 


This is the most general solution of our problem. It includes 
both forced and free oscillations. 

Forced Harmonic Oscillations. 

2 Harmonic oscillations maintained by the action of an 
alternator uiipressing a simple harmonic e.m.f. upon the line are 
of universal interest and will be considered here. They are 
employed in experimental investigations and in industrial arts. In 
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this case the impressed e.m.f. is the real part of and the 

current will be the real part of y in (6). We shall have now 

— = — {a 4 “ i ^ ^ + -^) 

X] 


Three distinct cases arise which will be discussed in turn. It 
is well to state here that the discussion will be conducted in all 
cases in accordance with the following programme : — 

Firsts we shall inquire how the available energy varies during 
its propagation between the transmitting and the receiving end ; 
secondly.^ what is the wave-length and the velocity of propagation; 
and thirdly^ does the theory indicate a practicable method of 
measuring the wave-length and the velocity of propagation. 
These are evidently the essential elements which enter into the 
description of wave propagation. 

' First case.—The impedance of the transmitting and of the 
'receiving apparatus is negligibly small :—This is the simplest 
case and is generally considered in elementary treatises. 

We have 

Aq = = 0 


Hence 


F — 4 m® sin m I 

y = 


ip O jgeos m ^ 
2 m sin m I 


Kemembering that 

cos m e = i COB a C — 4 (/^ — sin a ?] 

sin m € = i + e~^^) sin « € + cos a'?] 

We shall have for the real part of y the following : 


fj—kE (p'j] 

/^^+e”^^^-2c082aZ 
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■=:A 8iii(^ t — (p — a f )-l- e ^^sin(jc> t — <p~\-a ^ )] f7) 

where 

tan (p = ^ ^^sip {a I — (f) -f sin {a I + f) 
e cos {a I — <p) — cos {a I <p) 

taa ip ^ ^ 

Let X = waye-lengtli, then evidently 



a 

If T is the period of the impressed e.m.f., then denoting by v 
the velocity of propagation we shall have 

T=?. = ^ 

a 

On account of this relation a should be called the “ mlooity 
oonstantr If we could measure I we could calculate On this 
point more will be said in the discussion of the next ease. 

An experimental exploration of the current along the line 
would necessarily measure the mean square of the current. 
There are no instruments which indicate the instantaneous value 
of a variable current or potential. Besides, this mean square 
measures the mean value of the available electro-kinetic energy 
at the point under consideration. Hence it is a most important 
quantity and its introduction into the propagation theory seems to 
simplify the apparent complexity of this branch of electro- 
mechanics. 

Let M {yf) denote the mean square of the current at any point 
on the line, then since 

) T 

0 

we shall obtain from (7) 

\/ -2co82aZ] 

The physical meaning of this formula will be discussed in con- 
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nection with the corresponding expression which will be obtained 
in the next case. 

Second case:—The impedatice of the receiving apparatus, 
only^ is negligibly small. 

In this case 

— 0 

z=. — 4: 'm? sin ml 2 m cos m I 

The current is equal to the real part of 

__ J9 cos m f ^ 9 > 

y — 2 m sin m I cos m I 


It is evident that 

_ D _ 

— 2 m sin m I + cos m I 

measures the initial amplitude of the wave but does not affect 
its subsequent variation during its propagation from the trans¬ 
mitting apparatus along the line. Since this variation is the real 
object of our study, it is superfluous to perform here the actual 
calculations of the initial amplitude in terms of a, ^, I, and Ao- 
Those interested in the design and installation of telegraph and 
telephone lines will have no difficulty in performing this task. 
Much confusion is avoided by keeping these somewhat lengthy 
and tedious calculations out of the main body of the mathemati¬ 
cal analysis of wave propagation. They are not essential and 
should not be allowed to obscure the view of those elements ot 
the theory which are of fundamental importance. 

The amplitude can be written 

^ 

F fiQ VFf Q‘ 

Hence (9) assumes the form 

J) cos OT c 
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Hence the real part of y will be 

7^z=:A[J^^ Bm{pt-(If-a^)-\- (10) 

From this the potential Fis easily deduced. Since 

_ ^ z= ii = /r ^ F 
8 s di 

we shall have 

F =A^\e^^ (11) 
F,=: — F 
where 

" P 0 VpG 

. a 

tan w = - 

i9 

The displacement current x plajs a very important part in 
telephony owing to the facility with which it will produce cross¬ 
talk and thus make itself objectionable. Several devices have 
been tried in telephony to get rid of this source of annoyance.^ 

The expression for x is easily obtained from the relation. 

a, = ^7 ^ (12) 

The equations of the mean square curves are now easily ob¬ 
tained. 

=—cos 2a?) 

2 

2 cos 2af) (13) 

2 

=^!^V^H^"^^’-2cos2«?) 

DiscussioTh of the epibdtioTis /—It is evident that the mathe- 


1. See J. J. Carty, Transactions, vol. viii, p. 100, 1891. 
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matical relations deduced for the second case are of the same 
form as those obtained for the first ease. The effect, therefore, 
of the transmitting apparatus upon the wave is to modify its 
initial amplitude, only, and nothing else. It is sufficient, there¬ 
fore, to discuss the physical meaning of the results of the second 
case. 

The euTreivt w(we^ egucbtiou (10):—It can be decomposed into 
two components and ; thus, 

= ^1 + % 

= A Bxn{pt — a i) 

Each of these components is a progressive wave. 

is maximum at c = — Z, and minimum at i 

a U f = + I, “ ? 

The first wave starts from one pole of the transmitting alter¬ 
nator and describes a right handed motion around the loop. The 
second wave starts at the other pole of the alternator and travels in 
the opposite direction. The waves have the same initial ampli¬ 
tude, the same velocity, and they become attenuated at the same 
rate. The distribution, of the wave around the loop is perfectly 
syrnmetrical. The resultant current wave rj is an interference 
wave. On account of attenuation the interference is not 
capable of producing a stationary wave, because when the two 
interfering waves meet they have unec^ual amplitudes. 

When the resistance per unit length is made small in com¬ 
parison to the reactance and the line is sufficiently short, the 
attenuation constant jS becomes so small that 

and in that case 

^ ^ -f-[sin t — <f> — a^) + t — 4’ + ] 

= 2 A cos a c sin ^ 
that is, a stationary wave is fornaed. 
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But even if the line is long, provided that B is snfficientlv 
small in comparison to pZ, as in the ease of efficient long-distance 
telephone lines, the two waves will be nearly equal for quite a 
distance on each side of the middle point of the loop where in 
general the receiving apparatus is located. Hence in the vicinity 
of this point the resultant current wave approximates very nearl v 
the form of an interference wave. This fact manifests itself in 
an interesting manner and will he brought out presently in con¬ 
nection with the discussion of a method which this theory sug¬ 
gests for measuring experimentally the wave-length and the 
velocity of long waves. 

The potential and the displacement current wares^ equation,^ 
(11) and (12):—They are just like the current wave, interference 
waves, and the remarks just made with reference to the current 
wave apply to them also. An interesting relation between these 
waves and the current wave deserves a careful attention. It is 
the phase-difference cp. This angle measures the attenuation, as 
will be seen presently. 

Efficiency of transmission :—Equation (1) can be written 





Pi H 

The quantity ^ should, therefore, he called fAe- electromotive 
intensity. Its value is easily obtained from (11.) Thus 

IX^Ya{pt-(p —sin {pt-<p-\-a f + d)] 

Cl) 

where 

^ = —+ I 


The angle 6 is the angle of lag between the current ana the 
electromotive intensity as can be seen by comparing (10) and (14j. 
It will be shown now’that this angle of lag plays the same part 
here as the,’angle of lag between the impressed electromotive 
.force and the current in ordinary alternating current circuits. 

Consider the equation 

W= B M{f) = M{rj X JZ) 
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That is to sa}^, the mean value of the work per second done by 
the electro-motive intensity equals the mean value of the rate of 
dissipation per unit length of the line. This dissipation causes the 
attenuation of the wave and thus diminishes the efiiciency of 
transmission. A small value of B will evidently prevent it. 
But that this efficiency is not a question of ohmic resistance, only, 
will be seen from the following consideration : 


cos # = sin 2 ^ = 2 sin e cos <f = 


R 


V 1} + 


or 


tan d = 

R 


Now let 


M 


mv 




M{:rr) 


A 2 

'■f?\ = A 


Then since 

M 

we shall have 


(If)'] " + 


R 




••• \ \ cos = R M (f) 

For efficient transmission we must have, therefore, a large 
angle of lag between the current and the electromotive intensity. 

The quantity-2^^ that is the ratio of reactance to resistance, 

is the most essential element, and not R alone, in questions of 
efficiency of this kind. Employing the terminology which has 
been generally adopted among electrical engineers, we have the 
following simple rule :—The power factor of the line mmt he 
as small as possible. The physical reason for this is not far to 
seek. A large angle of lag between the electromotive intensity 
and the current, means the same thing here as it does in ordinary 
circuits, and that is, it means a large self-induction reaction in 
comparison to the dissipative resistance reaction, and this again 
means a large amount of energy stored up in comparison to the 
energy dissipated. This stored up energy is returned to the gen- 
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erator in the case of ordinary circuits and propagated in the case 
of long lines. The consideration of the angle of lag 0 or, what 
is the same thing, the power factor of the line, enables us 
therefore to view the wave propagation in the same simple light in 
which we view the energy transfer in ordinary alternating cur¬ 
rent circuits. But it should be observed that the power factor of 
the line is not the same thing as the power factor of an ordinarv 
alternating current circuit In wave propagation of electrical 
energy, the power factor of the line measures the power con¬ 
sumed on the line only ; the power absorbed in the receiving 



The mean square curves^ equation (13):—Plotting the curves 
by taking these mean squares for ordinates and c for the abscissa 
we obtain an extremely simple representation of the variation of 
the mean electro-kinetic energy during its propagation along 
the line. The thick line ^ diagram Fig. 2 represents 

the curve of M It consists of the superposition of two curves, 

the catenary x y b y m and the simple harmonic x u z w. The 
wave-length of this simple harmonic is one-half as long as the 
wave-length of the progressive wave, that is 

/ 

u w — — 

2 

Let Ux Wt be two points on the M (vf) curve such that w = 
Ui Wi^ then these points will be shown to be important points in 
the experimental determination of the wave-length. 

Concerning an experimental method oj' measuring the wave¬ 
length and the velocity of propagation oj' long electrical waves : 
—Many serious attempts were made long before the time of 
Hertz to measure the velocity of i)ropagatiou of an electrical 
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disturbance in a linear conductor. The most notable among 
these were the experiments of "W allaston and Fizeau. ^ The cause 
of their failure has been discussed before, and needs no further 
commentary here. Hertz was the first to conceive the idea of 
determining this velocity by measuring experimentally the wave¬ 
length of a harmonic disturbance of known periodicity, and in 
order to obtain a sufiiciently short wave-length he made the 
period sufficiently short. The solution of the problem of pro¬ 
ducing powerful harmonic electrical oscillations of very high 
frequency and therefore short wave-length forms the foundation 
of his classical experiments. 

It will be pointed out now that the Hertzian method of measur¬ 
ing the velocity of propagation is applicable to forced electrical 
oscillations of long period ; the difficulties involved in it will be 
brought out and a way of avoiding them will be discussed more 
fully in Section III. of this paper. 

Consider as an illustration the following example: 

I == 250 miles, 

L = .005 henry, 

R = 1 ohm, 

(7 = .01 microfarad, 

^ = 6000. 

Such a line represents very nearly a long-distance telephone 
line of 500 miles in length such as in use now between Hew York 
and Chicago. Fig. 2 is a J/ curve answering this example. 

In this case we have approximately 

^ = .000706 

V = 1.42x10® miles, roughly. 

- = 142 miles, “ 

2 ■ ' 

Hence 

^ z = 71 miles 

At we have 6 = 71, hence 

_ ^142X.000706 „ ^.1 

This shows that the catenary is very flat in the vicinity of the 
origin o, the most distant point on the loop, and therefore the 
points % and will be very near the minima points nearest 
to o. The distance between the minima is, therefore, equal to a 
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half wave-length corresponding to frequency 500. Hence if we 
plot the M (;/f) curve for a telephone line such as specified above, 
and determine the distance between the two furthest minima, 
this will give the half wave-length. Since the period is known, 
the velocity can be calculated. This method of determining ex¬ 
perimentally the velocity of propagation is the same as the one 
devised by Hertz. It is evident, however, that in its practical 
execution it would offer many almost insurmountable difficulties, 
the chief among them l)eing the excessively long wave-length 
and the consequent necessity of distributing the points of observa¬ 
tion over long distances. But a simple consideration will show 
that a long period does not necessarily mean a long wave-length 
in the case of propagation along conductors. We have in this case 


For a frequency of 

we have 

miles approximately. 

If the surrounding medium had a million times the permea¬ 
bility and specific inductive capacity as the ordinary atmosphere 
we'should have for the same conductor 


i/Z O 


T= -1 

5(10 
/ = 284 


/ = 1.5 foot, about, 


that is about the same wave-length as Hertz obtained for his very 
high frequencies. The velocity of propagation is a matter of the 
amount of energy per unit length of the path of the wave when 
a given current and potential are propagated along that path. 
We can make that amount anything we please, and thus modify 
the velocity of propagation and the wave-length in any desirable 
manner as will be shown in Sect. HI. 

Third mm. The imjmlanoeH of loth the receiving and the 
tranmhitting apparatn*^ are taken into account: —This is the most 
general case. Solution (6) in its complete form must be em 
ployed here. The current is the real part of 




(2 in cos vh 


c + 


f) 


F 
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The separation of the real and imaginary parts of this ex¬ 
pression can be done as follows:— 

A ^ 4 
F 

It can be shown that 

2 mcosmc--[-4)Siii w2.c=-3r^^cos(«c+^)+^‘^cos(ac— S) 

— i [X sin (ac+s)— Fe sin (a c — d ) ] 

Hence the real part of y will be 

cos{pi-<p-£-ag)-{- Ye cos {p f) ] (15) 

The potential V is easily obtained from 

df dt 

F= Ail-Fe^^sin(pt-</^~<p-e-a$)A- Ye sin {p t-(p~<p-d-]-a c ) ] 

(16) 

F' = F, A = 

p G 

cos {p t-ip-e-a c+d)-]- 
o c 

-\-Ye cos {p t-(p-d-\-a c -(-^)] (16 a) 

where 

e =-—20 
2 

We have here as in the preceding case 

tan 0 = - tan 6 = 

' ^ JR 

where, as before, d is the angle of lag between the potential 
gradient and the current, and cos 6 is the power factor of the line. 
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M if) ^ r“,?“^^^-|-2XFcos (2 a c -£+^)] 

—2.x X cos (2 « f + e -o")] 


1 - ( 17 ) 

I 

1 

J 


The quantities A, J-i X, 1", £. o can be calculated when re¬ 
quired. The calculation is excessively long and tedious, and has 
been omitted on that account. The questions proposed in this 
investigation can be answered without a knowledge of the 
numerical values of these quantities. 

Physical irbUr'pretation of the third case: — can be said 
here which has not already been mentioned in connection with 
the preceding case. The eurrent and the potential waves are 
interference waves. The interfering components are two in 
number, just as in the preceding case. 

V =^'}^ + 

where 

rj, = —A Y Gos (p t — <p — S + «?) 

Yj^z= Ar A X cos {pt — (f’-s-a ? + tt) 

’^1 is maximum at f = — I and minimum at c = 0 

25)2 “ C = 0 q — — I 

Hence is the direct or the incident wave proceeding from 
the machine at the transmitting end, and is a reflected wave, 
the reflection taking place at the apparatus of the receiving end. 
In this respect, then, this case differs from the preceding one, 
there being no reflection when there is no receiving apparatus. 
The presence of the receiving apparatus acts as a source of 
secondary radiation. The reflected waves coming from the re¬ 
ceiving apparatus may be called the counter-current waves pro¬ 
duced by the counter-electromotive force due to the reaction at 
the receiving end. The transmitting apparatus acts like a source 
of light, and the receiving apparatus acts like a reflecting surface. 
But here is a distinction which deserves to be mentioned in this 
place. Light waves proceed in straight lines, whereas these 
electric waves bend m’ound corners ^ith perfect ease; they follow 
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the conducting wire. This difference is due principally to the 
fact that the current wayes discussed here are conduction current 
wares, whereas the waves of light are waves of displacement cur¬ 
rents of very short wave-length, and such waves will not bend 
easily around corners. Displacement current waves impinging 
upon a conductor will, of course, produce conduction currents 
and hence cross-talk in telephony, and there is every reason to 
believe that even ordinary light-waves when falling upon a con¬ 
ductor produce conduction current-waves which will bend around 
corners, if by the time they have reached a corner they have not 
been attenuated out of existence. 

Comparing the potential gradient wave (16 a) to the current- 
wave it will be seen that the same angle of lag 6 between the 
electromotive intensity or potential gradient and the current ap¬ 
pears. It measures here in the same way as it did in the pre¬ 
ceding case, the efficiency of transmission and on account of the 
same physical reasons. A line possessing perfect efficiency is 
like a perfectly transparent medium In such a medium, the 
electric force and the magnetic are, at every point of aluminous 
wave, in quadrature. 

The importance of this angle of lag can be shown here by in¬ 
quiring how much energy per second passes at any point — c to¬ 
ward the receiving apparatus. 
yV 

Let _ = total power of transmitting apparatus radiated on 
one-half of the loop. 

H = rate of heat generated on the line between the 
points — I and — c. 

It can be easily shown that 

Ysin X Fsin (a cos f ] 

^ ^'=^"^^-V^V^^^)sin^5+2XZsin(af+£-d) cos 

The energy per second radiating from any point — f toward 
the receiving apparatus is 

'*-XV^^)sin^-|-2XXsin («c+e-u')cos^£>] 
= Xj sin 55 — Ei cos c 
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Where and arc positive quantities. Hcn(‘e the greater <f 

the greater will be E. 

Passing now to the consideration of the mean square values of 
Tj and h we obtain additional ill lustrations of the physical fact 
that long-distance transaiis.sion of power along conducting wires 
is a process of transference by means of wave radiation following 
the same laws as every other hind of wave radiation. Equations 
(17) e.\press simply a geometrical relation between the incident 
and the reflected waves of current and potential, and their re¬ 
sultants. They state that these resultants are found by the 
ordinary I’ules ol compounding waves or vectors in general. 
Now it hajipens, fortunately, that the mathematical e.xprussiou 
for these resultants admits of a very simple geometrical con¬ 
struction, and of a suggestive mechanical illustration. 
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In F’ig. tile thick line // A' T Z 7i<S', /f, repri'simts the 
curve on a fiOd-mile tele])lione line mentioned above. Each 
half consists of the superposition of a simple harmonic r f u /> 
upon a portion of a catenary a* A'y c. It shouhl be oh.served 
that tlie lowest point of the catenary of which x S i /,7 is a portion 
is to the right of . 7 . ddiat is to ,say, the double catenary x A' y 
'!/i is the catenary which we obtain by hanging a> widglit at 
the middle point of a heavy string which is siispendeil at its 
terminals. So that the elTect of the receiving apparatus upon the 
M (y/) curve may be described broadly by stating that this curve 
can be represented by the forced vibrations of a heavy string, the 
extremities of whii'h arc held by a certain tension at two points 
on the same horizontal line and carrying a weight at its miildle 
point. Tlie density of the string, tiie stretching tension, and the 
weight at its middle point, correspond to thi^ coefliciont of self 
induction and the capacity ])or unit length of the wire, and to the 
self-induction of the receiving apparatus, respeiitividv. 

An interesting analogy will be mentioned here. If the self- 
induction of the receiving apparatus is balanced by a capacity. 
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and the resistance is negligibly small, the cusp of Fig. 3 disap¬ 
pears and in place of it we have the same formation as in Fig. 2. 
This case corresponds to a weight suspended by means of a 
spiral spring to the middle of the string, the weight and the 
elasticity of the spring being adjusted so that their period equals 
the period of the impressed force. 

JS^ote ,—Another way of looking upon the effect of the line re¬ 
actance upon the efBciency of transmission is to consider the 
attenuation constant /3. When the reactance per unit length of 
line is large in comparison to resistance then for all frequencies 

where v is the velocity of propagation and it is given by 

_ 

This relation takes place here of the so-called KR law. 

The reactance diminishes the speed of propagation, but en¬ 
ables the line to transmit all frequencies (within certain limits 
which are of importance in telephony) with the same velocity 
and the same attenuation. It makes the line what Mr. Fleaviside 
calls distortionless.’' 

Free OsciLLATioirs on a Linear Conductor of Uniformly Dis¬ 
tributed Self-Induction, Eesistanoe, and Capacity. 

§ 2. Free oscillations on a conductor of this kind are readily calcu¬ 
lated for a few special cases. Equation (6) is a general solution 
for free oscillations also, provided, however, that m has such a 
value as to make 

= 0, since />o = d 

that is, we must have 

(Ao Ai — 4 m^) sin m (Ao + Ai) cos ?n I =: 0 (19) 

but, of course, in this case 

It G (Jc Xq -j— Ri^ 
hi ^ Jt G (Jt X^i -|- Ri) 

— m^z=hG{kL + R) 

Equation (19) is a transcendental equation and can be be 
solved in a few simple eases. 

Case 1. The tTCiusw^itting wnd the Teceivifig d^ppdTdtxis (tTe 
not fresent. 

In this case 

Ao = Aj = 0 

Equation (19) reduces to 
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sin ml — 0 


where s can have any integer value from 1 to oo . The periods 
of free oscillations are calculated from the equation 

— m- = ¥LO + kBO= - 

• h — - ^ + r~T\/^ W' 

22 ^ L Cl? 

= — ± 

22 

There are therefore an infinite number of periods which are 
harmonically related to each other unless the damping factor 
JR 1 

—y. is not suflSeiently small in comparison to ~ —^. 

JL 1? JLL 

The most general solution of this case can be written 


y = 


J.g cos lliLc cos (A'g t - £s) 


Cme 2 .—Trammittmg apjparatus is not present and in ylace 
of the reeeimng apjparatus there is a lyreaTc in the wire. 

In this case Ao =05 Ai=oo 
Equation (19) reduces to 

cos ml = 0 

2 ^ + 1 71 

m = -!—. _ 

I 2 


^ ^ L C ( 


2^ + 1 


± i' ^s+i 


„Bt . .25-1-171 . -J . 

^ = ^ 2L ®2i:-l28i-lSUl- A— cos (48.t.i—Saa + i) (21) 

0 0 A 

The damping factor is the same for all frequencies, hence the 
color of the complex harmonic vibration remains unchanged dur¬ 
ing the whole epoch while the vibrations last. The dying out 
sound of a bell is a striking illustration of this interesting relation. 

Whenever the circuit is made or opened, we shall have in addi¬ 
tion to the forced vibrations, free vibrations also. The lower 
harmonies of these free vibrations will be quite within the 
ordinary frequencies, especially on long lines. There is no doubt 
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that these free vibrations interfered considerably with the suc¬ 
cessful working of harmonic telegraphy. The discussion of a 
method of preventing the development of free vibrations of any 
period is reserved for a future occasion. 


SECTION II. 1 

Oscillations on a Loaded Condtjctob. 

IntToduGtion :—This part of the paper discasses the forced and 
the free electrical oscillations in a loaded conductor. 

Fikst Abbang-ement. 

The conductor consists of 2 n equal coils, l^ .... Lq (Fig. F) con¬ 
nected in series, so as to form a closed loop. At one point a of this 
loop is an alternator, at the diametrically opposite point is a re¬ 
ceiving apparatus B. At equal distances [n — 1) equal condens¬ 



ers, Cl-Ca_i, form bridges across the loop. The whole loop is 

thus divided into n component circuits, 1, 2The com¬ 
ponent circuits except the first and the nth are equal to each 
other in the sense that they have equal resistance, capacity, and 
self-induction. The first and the ^th circuit differ from the other 
circuits on account of the presence of alternator a in the former, 
and that of the receiving apparatus b in the latter circuit. 

It is evident that in the limit when n becomes infinitely large, 
this conductor becomes an ordinary telegraph or telephone line 
with uniformly distributed resistance, capacity, and self-induction. 
The practical question arises now, under what conditions will a 
conductor loaded in this manner beco^ne equivalent with sufficient 
approximation to a uniform telegraph line when n is not in¬ 
finitely large ? This problem does not seem to have been solved 
before. Professor Blakesley in his book on alternating currents 
devotes considerable attention to the discussion of a similar prob¬ 
lem, but his efforts do not appear to throw any light upon this 
matter. 

1. This section read before the American Mathematical Society, March 
meeting, 1899. 
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In its main features this problem is similar to that which 
Lagrange solved in his “ Mecanique Analytique, see. partie, sect. 
YL/’ the problem, namely, of the free vibrations of a string, fixed 
at its two ends, and loaded at equidistant points by equal weights. 
But it is much more general than that of Lagrange, in the first 
place because frictional resistances are taken into consideration, 
and secondly, forced as well as free oscillations are considered. 
^peoi^Gatiori of the constants and of the currents :— 

Let Ao and f =r co-efficient of self-induction of a and b re¬ 
spectively. 

Let ^0 and == Ohmic resistance of a and e, respectively. 

Let 6o and Ci = Capacity of a and b, respectively. 

Let Z, Z, O, be the corresponding quantities of the coils and 
condensers m the several component circuits. 

Let the real part of JE be the k.m.f. impressed bv the 
alternator a. ^ 

Let aJi - .. .cCq be the currents in the n component circuits. 

Let Pi -be the differences of potential in the line con¬ 

densers. 

Let Pii and P' be the differences of potential in the con¬ 
densers in A and n, respectively. 

Let .... be the condenser currents. 

We shall have 


= Z 


d Pi 
dt ’ 


0 


d Po 


etc. 


C V-*-/ 

— Xi — a'o, fg = etc. 

A. Forced Oscillations. 

Stating the law of equality of action and reaction for each 
component circuit we obtain the following n differential equa- 
tions:— ^ 


(Zo + 3 Z) + (.ffj + 2 R) a?! -f Pj -j- Po = 

+ P, - P^ = 0 , 


^ ^ ~~P + 2 i? — p^_,^ — 0^ 

(A + 2 Z)^ + (R, + 2R)x^- P,_, + P' = 


F (2) 
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Wlien tlie steady state has been reached, the currents will be 
just like the impressed e.m.f., simple harmonics of the time z 5 , 
that is 


= J-i 

x, = A^ (3) 


where .... are complex quantities. 

From (3) follows that for the diSerential co-efficients in (2) we 
can substitute currents, because 


tTjjj 

dt 

d^x^ 

df 


= 


— r 




Hence differentiating each member of (2) and substituting from 
(4) and (1) we obtain 

2 (7(— R)x-^ + f 1 —0 —ipOEe'^^ 

~1~ K — -®o) 

2 0 (— L -j— % p R) x-i ^2 — ?i =0 


2 0 ( p^ L -|— %p R) •J^n—l“l~ fn—1 ^n—i — 

2 0j,~p^L-\-ipR)x^ + 0 —^n-i = 0{p^X, — 

where 



Introducing the following abbreviations;— 

h = 2 C { —Z ip R) 

D=ip —= A — 

Ai = —y Z + i p A 
we obtain 

A £C, + f 1 — 0 =7? 

TlX-i -|- ^2 — ? 1 =0 

A -4- sn—1 ^n—2 b 

A a!n ■4" b ?'ll—1 — -A, a'n 


i p jffi) x^ 


Aq Xi 


h (5) 
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Another form is obtained by substituting for Cj .. as 
follows:— 


( Aq * 4 “ a - f - ^*1 ^ — *^*2 — 

(A -|- 2) a?o — — ajg =0 


(A + 2) rv-i — a?n-2— = 0 

(Ajl -j“ a -[“ 1) -j-’ 0 - 0 


^ ( 6 ) 


Two methods of solving these equations present tiiemselves, 
the direct method and the indirect one. 

The direot method '.—In this method the system (6) forms the 
starting point. .Consider the following determinant:— 


Ao-f-A-[-l, — 1, 0, 0,,.. 

-l,(A+2),-l, 0,... 

0, —l,A+2, —1, 0 


0, 0, 0, 0, 0,....—1, A + 2, — 1 

0, 0, 0, 0, 0,.... 0, — 1, (Ai -f* A 1) 

Let now stand for the minor of that term in the mth col¬ 

umn which contains A, then 

(7) 


If and A could be evaluated by the ordinary rules of ex¬ 
panding a determinant then (7) would give the solution of the 
problem for forced oscillations. The free oscillations could 
then be readily obtained from it. But the direct expansion of 
and A seems to be a matter of much difficulty, so that (7) is 
merely a symbolic solution of no actual value. The direct 
method leads, therefore, to no effective result. In his investiga¬ 
tion of the problem referred to above, Lagrange did not adopt 
the direct method. The indirect method employed in this paper 
is different from that employed by him, and it had to be devised 
as Lagrange’s method does not seem to be applicable here, 
because, as already stated, the two problems, though similar in 
their general features, are essentially different. 
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The> indirect method'. —This method may be called the method 
of successive eliminations. 

The starting point is system (5). Adding the n equations we 
obtain 

h {xx-\- .... Xj^) = D — hi (8) 

The indirect method can now be readily explained. It con¬ 
sists in successively eliminating from the left-hand member of 

(8) the currents -and thus obtaining in place of (8) an 

equation containing in its left-hand member Xi as the only 
unknown quantity. From this equation the complete solution 
of the problem can then be easily obtained. 

Elimination of Xj^. 

First step. 

Xi = Xi 

a?3 = f 1 — 62 

X^ = Xi 1^2 ^3 

- Cl - ^2 - S3 - .... sn_3 - Cn-2 

X^ Xi fi C 2 C 3 .... Cn _3 - Cn _2 - “^n —1 

A (a?i - f-Xj^) = n h Xi — h\_{n — 1 ) fi + — 2)^2 

+ .... +2f._2 + f,_i] (9) 

Second step. 

Cl = i? — h Xi 

C 2 = E h {xi —{— 

^3 ” E h (a?! -j- “b ^* 3 ) 


fn —1 — E h {X\ -f- £i?2 ”f" - • - ' “b 


(^_1) _|_ (^_2) +.... 4. 2 D 

— I K(^— 1) aJi + (n — 1) («,— 2) *2 + ....] (10) 
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By means of (9) and (10) equation (8) transforms into 
n h Xx 4- ' • • • ^^n-24“^n-l] 

= D [1 (11) 

In place of (8) we have (11) and in the left-hand member of 
this equation, does not appear. 

To eliminate the remaining variables .. . .Xzwe have to re¬ 
peat the same operations through which we have just passed 
during the elimination of x^. In each elimination the same two 
steps just shown have to be made. It seems, therefore, super¬ 
fluous to go into any fnrtlier details here. Before giving the 
final result it is well to observe here, that the following theorem 
can be employed with advantage in performing the summations 
which occur in each elimination. 

Theorem 

Let S = 1.2.3.(.s* -f 1) + 2.3.(.s- + 2) -f. 

— ,s*) (v?. — .V 1). r, 

then 

{71 — .V -)- 1). n (71 + 1) 

A' + 2 

It can be proved as folk>ws: 

(« —.S-) 1). n = -1— [(« — «). n (»?,+ 1) 

—(to ,<t - 1). to] = I [ I 

It is evident that 

A' = ^2 I 

4. .... 4. u,- rA+ V„1 

since — d 


The final result of the eliminations indicated above is 
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,r. I ,L (-/i— 1)(^— 3) ^ ^_ 

=Z r)\l + ^ {r'+'^)n(n—l)(n—2) ^ 2 _j_ _ _ j 

Aj a^n .... (13) 

Equation (12) takes place of equation (8). Its left-hand mem- 
ber contains the variable ;i.\ only. The ultimate object of the 
.successive eliminations has, therefore, been reached. Our prob¬ 
lem now can be readily solved. The last equation can be much 
simplified by the following substitution : 

^' = — 4 sin^ 6 

Oonsider the mth term of the left-hand member of (12), namely : 

—1) in + VI—2) .. .... (ji_jn+2) («,—m-f 1) 

(3 m —IJT ~— 

This term becomes 

X, (— i r [(2 «.)^ — 2 - (m — jyi [(2 nf — 2= {m — 2)*] .. .. 2 «, 

(2 m. — 1) ! 

X 2 sin ^ 0 

or if we put 2 n = then the left-hand member of (12) be¬ 
comes ^ 


—a?-, ^ sin d [sin 6— sin® ft .] 

The series in parenthesis is well known.^ The expression can be 

written in the following concise form ; 

2 sin d sia 2 n 6 

Tj -- 

COS 6 


It may be shown now in a similar manner that the right-hand 
member of (12) can be written 


D cos {2 n — 1) 

0 ~ 


hi a?Q 


1. Todbunter Trigonometry, p. 280. 
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Equation (12) can, tlierefore, be written 

__ — iy cos (2 72. — 1) ^ + Ai a?n cos d 
^ 2 sin ^ sin ^ 

The remaining currents can now be easily calculated. Thus 

ajj = (A + 1) — -Z? 

= (2 cos 2 <9 — 1) — i> 

— ^ COS Z d - 2) COS (2 ^ - Z) d 

2 sin 6 sin 2 n d 

X ~ cos 5 d — D cos {2 n — 5) d 
2 sin ^ sin 2 ^ 


It is evident that in general 

_____ Ax cgp cos (2 m —I) d — cos [2 {n — in)~\- T\ d 
2 sin ^ sin 2 71 ^ 


This expression for is still incomplete as it contains two 
unknown quantities, namely and Xi. The last one is contained 
in i) = J9o — K These two have now to be eliminated. 

Let m = 71 , then 


_ Aj ccn cos (2 7?. — 1) <9 — (j9o — Aq cos 6 
2 sin 6 sin 2 n d 

From which 

_ {Dq — Aq cos d _ 

hi cos (2 n — 1) ^ — 2 sin ^ sin 2n 6 

_ _ (Z>o — Aq Xi) cos d _ 

(Ai — 1) cos (2 7^ — 1) ^ + cos (2 n i ) 6 

= (-^Q — K^l) cos d _ 


From (14) we obtain by substituting Dq — h^iXiior D the 
following value for Xi 

_ Dq cos (2 71 — 1) d — Aj cos d 

(Ao — 1) covs (2 « — 1) ^ + cos (2 n + 1) 

__ Dq cos (2 n — 1) ^ — Ai a?n cos d 


(16) 
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CombiniBg (15) and (16) we obtain 

^ cos (2 71 — V\ 0 — hi cos O'] Dq 

/>o sin 2 <9 sin 2 ^ 0 

The most convenient wav of finding the value of any c 
current, say -rm, is to go hack to (6) and find fi*om the 
ecjuation by inserting the value of from (IT)- 

^ _ [A cos n — 6) d — hx co s 0 cos 3 Do 

A B — ho hx cos^ 

The general formula can now be easily guessed. It is 

_ [A cos (2 n —2m+1) ^—hx c os 0 cos (2in —1) 6 ] Dp ''\ 
A B — Ao hx cos'^ d. i 

— [2sin<9cos(27^—2m-hl)^4~^ishi(2n—2m--j-2)^]-Z)o 

AoAisin(27?.--2)^-4sin‘^^sin2;?0 -|"-®^’^^('^o+^h)cos(2^.--l)<^. 



This value of satisfies all the conditions, which forced 
lations have to satisfy. It is therefore the complete soluti 
our problem for forced oscillations, taking into account tl 
actions of the transmitting and the receiving apparatus, 
angle ^ is a complex angle, so that the real part of (19) i 
actual current in circuit m. 

Second Arranoement. 

In this arrangement there are 2 {n —1) condensers ea 
capacity (7, all connected to ground as shown in Fig 5. In 
of (5) and (6) we shall have here the following differ 
equations :— 
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A a?! + f 1 — 0 = 4“ (l-^o — A) ‘^’i) 

A X 2 “I” C 2 ^ 

fm ^ 


A .9?n 4“ ^ s n -1 = i 

or 

(A + 1) — 0 —- = i (A) ^'* 1 ) 

(A + 2) r^ia — ‘'1 — ^ 

(A 2 ) — r^’in —1 + l ^ 

(A + l)l^^n == - 

Solution (19) will thcnifore hold for ih(‘Ko <Hiuati()ns alno, ]m> 
vided that in it we multiply Ao, Ai, and /A by i and also rt‘. 
member that in this case 

— 4 sin^ 0 = (~ L 0 4 - I P R (1) : :: h 

Note: —Solution (19) can also he <d>tained by a short cut. 
Equation (6) of Section L of this pajxn* Kn{j;gestB tlu* tollow. 
ing as a trial solution:— 

iCin = Ki COB 2 {e — m) II “1- Aa ein 2 (n ///) iV 

It will be found that this Batislies all er|tiationH in (IV) and (21) 
except the first and the lastj provided that 

A = — 4 siii^ IK 

"Now by giving .A4 and IC 2 their projHir values tlie firs! and 
the last equation may also be BatiKiicul. Having thus diieriniiied 
jffi and K 2 we obtain (19). Considerable Calculation can ttnis be 
saved. The longer and more tedious metlmd was seleefed tie 


( 21 )) 


( 2 !) 
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cause it offers a conveuient means of discussing certain eases of 
wave propagation, not considered in ttiis paper, whicn cannot 
very well be attacked directly by the infinitesimal method. 
This matter is reserved for a future occasion. 


B. Feee Oscillations. 

Equation (19) holds true for free as well as forced oscillations. 
But since in the case of free oscillations /)o = 0 it follows that 
the denominator of [19) must vanish to prevent the vanishing of 
all the currents W^e shall have, therefore, in this case 

^Aisin( 2 w—3)d-4sin=(?sin 2?id4-2sin0(7i.o+Ai)cos(2ra-l)(9=O (22) 

From this equation d has to be determined. A solution can 
be obtained for a small number of problems. The two most im¬ 
portant will be considered here. 

Mrst. The trammiUmg and the receiving ajpjparatus are not 

present. In this case 

h^ = /q = 0, 

5cos(2?i — 2TO-1-1)/? (23) 

It is found from (22) that (23) is actually the solution of the 
differential equations (6) for Ao = Aj = Z^u = 0, provided that 



where s may be any integer from 1 to 2 n. 

Hence the most general solution will be 

85^ = Be COS {2 n — 2 m + 1) ^ 

1 

But it sbould be observed now that is a periodic function 
of the time, that is 
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Hence in (24) each amplitude B contains the time factor 
that is 


The constant which measures the period of the free oscillation 
is determined from the relation 

A =. — 4 sin ^d. 

In the case of free oscillations 

h = p^ L C+ pE C.^ (? = 15 

Hence 


p\L G +p,E C (25) 

2 


This enables us to determiners. Before solving this equation 
it is desirable to make the following substitution : 

Let L\ Li' be the total co-efficient of self-induction, 
capacity, and resistance, respectively, of one-half of the conduc¬ 
tor, then 




L'^ 


n 




Let I denote the half-length of a uniform wire having A, c, 
for co-efficient of self-induction, resistance and capacity per unit 


length, and let 

1 1 =r; L', 

Ir^E’, 

lc=C' 

then 

n 

0= 

n 

II 


* This will apply to second arrangement, Fig. 5, but not to the first ar¬ 
rangement. The calculation for first arrangement is slightly different and can 
easily made. 
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From (23) we obtain 






■^8 


r 


± v - 


V 


1 4 n- 
Tg T' 


sm^ 


2n 


U 




— ± ih 
2). 


Equation (22) becomes now 

Wjn = e cos {2n-2m-{-l) ^ cos 


(26) 


Second case:—The transmitting ajgjparatus is Qiot present^ and 
in place of the receiving apparat ios there is a break in the line 
at B. 

In this case h^ = 0, 7^^ = co. Equation (19) gives 


provided that 


= £ sin (2 ^ — m 2) d 


cos (f n — 1) 6 = 0 


or ^ = 

We shall have, therefore. 


2 5 4 - 1 ^ 

2n— 1 2 


6 ‘ 4 “ 1 ^ 




.2 

4 ;^ 


2X 


rh i ^8+1 


rt 


£Cni = e 


21 


8m(27i-2m+2) J 


cos (^is+l^~® 2 s+l) 


(27) 


The question arises now, under what conditions will a loaded 
conductor of this kind become approximately equivalent to a 
uniform wire 3 
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Let 

L = .0125 
t/= .025 
B = 2.5 
p = 3000 

that is tlie frequency is aboxit 500 
It will be found that since 

— 4 sin’* (} = — / L 0 + i p n C' = — ( « + '■ ' + /r 


or 


sill t) " ^ (<X -j- 7/ — (I 

^ .020 + .0014- i 
0 = fi very nearly. 


If n coilB have the same co-otH(‘,ient of Hclf-indnction, the 
same capacity and the Ramo rcRistaiice as a uniform wire oi 
length Z, and 7 ;/- (ioils corrcR])on(l to a length, .v, then 

m : :: .s‘ : I 
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^ n { 1 — ^4-^^ a =1 {I — s)m m q 
\ I ^400 ) ^ ^ ^ 

When this value of 6 is substituted in (19), this equation re¬ 
duces to equation (6) of Section I., which shows that under the 
conditions just described, the loaded conductor described here 
becomes equivalent to a uniform wire. Experiments performed 
upon the loaded conductor described in Section III, verify this 
theoretical conclusion. Up to about 1000 p.p.s. the loaded con¬ 
ductor (having for Z, Z, of each section the values given 
above) behaves, very nearly, like a uniform slow-speed con¬ 
ductor. 


SECTION III. 


Experiments with Slow-Speeb 'Conductors. 

Slow-Sjpeeed Conductor with uniformly distributed capacity^ 
self-induction and resistance, —This conductor consists of a 
number of coils, generally twenty-four, joined in series. The 
construction of each coil is represented in Fig. 6, A number o£ 


cu b a 



Fig. 6. 

layers of No. 20 wire are wound upon a wooden spool; the height 
of the layers is three inches, the diameter of the inside layer is 
seven inches, the number of layers is eight. Each layer when 
wound is covered with a sheet of paraffined paper, then a sheet of 
tinfoil is wrapped and covered with a sheet of paraffined paper, 
and then the next layer is wound. The same operation is re¬ 
peated after each layer of wire. The tinfoil sheets are all con¬ 
nected in series and to the binding post c. The thick vertical 
lines between the layers represent the tinfoil. The spools are 
carefully turned and everything is done to secure the equality of 
the coils. Experimental measurements of the electrical constants 
of the coils showed that the coils were equal to each other to 
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within less than one per cent. But it should be observed that 
this equality can be verified experimentally when the coils are 
well heated up so as to expel the moisture between the layers; 
moisture prevents an accurate measurement of capacity on ac(iOunt 
of excessive leakage. The heating was done electrically. l>y ie~ 
peated trials the result aimed at was finally obtained, namely, 
that each coil should have the following constants n- - 



G = .1 microfarad 
= 10 ohms. 

That is to say, each coil was equivalent to about ten inileB of 
telephone wire nowin use between New York and (fincago. The 
leakage was more than on ordinary telegraph lim^s undesr fair 
conditions. It cannot be avoided in coils of this kind, hut as long 
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as the impressed is not above 300 volts it does not interfere 

very seriously with the successful operation on conductors of 
this kind. 

The coils were connected in series as represented in Figs. 7 
and 7“. In Fig. 7. the exciting machine is a. The binding posts 
f g to ih . . . lead to the tinfoils. They are all connected to¬ 
gether and then grounded. Tlie coils are not connected to each 
other directly but through a switchboard (i,h xy z, the lower part 
of Fig. 7. This switchboard is constructed as follows:—Into a 
well-seasoned board of oak x v z Fig. T al x y z Fig. 7 are 
driven two rows of circular brass plugs a. .. c .. . Fig 7 or 5 
c d . . . Jhil . . . Fig. 7^ These are connected by rods driven 
in from binding screws stu . . Fig. 7^ The upper row of plugs 



Fig. 7^*-. 


has holes i, ii, m, represented by black circles in (Fig. 7‘) into 
which plungers, ordinary condenser plugs, are inserted; thus a 
plunger in i (Fig. 7“) connects plugs & and c. The connection of the 
coils to the brass plugs is represented correctly in Fig. 7”’(but not 
in Fig. 7 owing to a mistake of the draughtsman). A wire a leads 
from alternator a to the first plug 1. The terminals of the coils 
1 2, 3, etc., are connected as represented to binding screws t, -a, 

V w , . . . Suppose now that the connecting plungers are in I, II, 

III, etc., the coils are then connected together and the circuit is 
established. To measure the current and the potential at various 
points of this circuit proceed as follows:—Three long brass bars 
'ey z (Fig. 7) running parallel to the rows of brass plugs can be 
connected to any three consecutive plugs by means of three brass 
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strips z s t (Fig. 7) ov ]> q z (Fig. 7“). The two upper bars '.p y 
Fig. 7 are connected tea Siemens electro-dynamometer d (reading 
down to .02 ampere), the lower is connected to a Ihomson 
multicellular voltmeter k (reading up to 250 volts). Suppose now 
that a reading is to be taken at the point between coils 1. and 2. 
That would correspond to a point 10 miles outside of the send¬ 
ing station on the long-distance telephone wire mentioned above. 
The brass strips p qz (big. 7“) which are connected to a wooden 
slide M N (Fig. 7“) are moved to the right until strip p reaches 
plug/I’;; at the same time q will be on I and z will be on m. ihe 
connecting plunger in ii is then removed and the current made to 
pass through the electro-dynamometer, n, at the same time the 
voltmeter e is connected to point in. The two readings give 
the mean square of current at ii and the k.m.s. of potential at in. 
The readings from which curves in Fig. 8 and Fig. 9 were plotted 
were taken in this manner. 

The alternators which supplied the impressed e.m.f. were two 
small machines, each having four separate armatures and four 
fields. The four fields rotated on the same shafts. In this man¬ 
ner any frequency between about 25 jm'.s. and 750 I'.r.s. cotild 
be obtained. The k.m.k.’s generated were not simple harmonics ; 
the effect of the higher harmonics (the fifth was predominant, 
but not strong) was weakened by tuning. Well known pre¬ 
cautions were taken to keep the speed and excitation constant. 
The electromotive forces employed ranged between fiO and 2:14 
volts. The length of the equivalent line operated upon was 
usually 240 miles. The number of observations made ran into 
hundreds. The two recorded in Fig. 8 and Fig. 9 are among the 
best. The most serious source of inaccuracy was found to be the 
variation of the speed and excitation of the altornators. The 
slow-speed conductor gave no serious trouble, provided that it 
was kept reasonably warm by passing through it from time to 
time a strong current for several minutes. 

Tim mmn mpMra ^ ^^'kl- ^ repre¬ 

sents the mean square curves of current (full line) and of potcmtial 
(dotted line) when there was no receiving apparatus present. The 
impressed k.m.i-'. was 284 volts and the frequency (>I() im-.h. 
There were 24 coils in series, hence an equivalent of 240 miles 
of long-distance telephone wire mentioned above. The current 
curve represents a little over one-half of the theoretical current 
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curve in Fig. 2. The curve of mean square of potential is not 
given in Fig. 2. 

The abscissae 1, 2, 3, . . - measure the number of the coil in 
front of which the reading was taken. Thus abscissa 1 means 
that the current reading was taken when the slide had the posi¬ 
tion indicated in Fig. 7^ and plug i was removed. Hence this 
reading represents the value of current between the machine and 
the slow-speed conductor. Voltmeter reading taken in this posi¬ 
tion of the slide represents, of course, reading 2. To get the 
voltmeter reading 1 the slide M Vhad to be moved one peg to 
the left and the connecting plunger left in i. There were 24 coils in 
series, hence reading 13 representing the reading between coils 12 
and 13 gives the reading at the middle point of the loop. Here 
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the Jf (yf) is a maximum and Jf ( is zero, as required hy theory. 
The voltmeter did not read below sixty volts, hence tlo M { F^) 
readings could be taken in the immediate vicinity of the middle 
point. But the lowest readings were carefully determined on 
each side of this point, and the course of the M ( F^) curve in 
this vicinity is thus fixed. The column headed M in the table 
on the right of Fig. 8 gives the electro-dynamometer readings 
just as they were read off the instrument. The figures in 
column headed M (F®) represent the first three figures of 
the voltmeter readings squared. These curves agree remarkahky 
well with the curves given by theory, in fact much better 
than one would expect from the apparent complexity and the 
apparent multiplicity of the apparatus employed. But it should be 
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observed that the actual experimental operations involved after 
everything has been once set up are extremely simple and capable 
of great precision. The maximum of the middle point of the 
M ((/f) curve is not exactly at 13 which shows that the two sides 
of the sloW'Speed conductor were not perfectly symmetrical. 

The determination of wavedength and of the velocity of projya- 
gation. —The distance between the maximum in the vicinity of 
reading 13 and the minimum in the vicinity of reading 8 repre¬ 
sents a quarter wave-length. Now this distance is 89 divisions, 
and since each division represents 8 miles it follows that the wave 
length 

i = 832 miles. 

^ - IT - 838 X 610 = 141520 miles. 





Pig. 9. 


Calculating v from the formula 


we obtain 


2;r 1 

V = 141480 miles. 


The agreement between the observed and the calculated value 
is so remarkable that one is much tempted to attribute it to luck 
rather than to good management. That such is actually the case 
is admitted here frankly, but it should be observed, in justice to 
the method, that a large series of curves obtained with different 
frequencies and under different conditions support the belief that 
with careful precautions and a reasonably well made and care- 
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fiillv Biirscd slow-speed conductor tliis inetliod is actually capable 
of determining A and with much accuracy, in fact a greater 
accuracy than is usually obtained in wave-length determinations 
of the Hertzian waves. The measurement of T introduces the 
largest error, but this error will not cause a disagreement between 
V observed and ^ calculated since the same T is used in both cases. 

The curves in Fig. 9 represent the mean square values of 
the current and of the potential when a coil with a coefficient 
of self-induction of one henry was placed in the middle. There 
were 22 coils in series 5 the frequency and electromotive force 
were the same as in the preceding case. The cusp predicted by 
theory (see Fig. 3 ) occurs therefore at reading twelve, that is, 
between the eleventh and twelfth coil. A comparison between 
Fig. 9 and Fig. 3 shows a very satisfactory agreement between 



theory and experiment. The emormous sag of the current in 
the vicinity of the receiving apparatus is due to the high fre¬ 
quency and the large self-induction, and therefore large reactance 
of the receiving coil. The power delivered to this coil is not 
small in spite of the diminished current, for it will be seen from 
the,Ar( 7 ‘^) curve that the potential is high in the vicinity of 
the coil where the current is small. 

The slow-speed conductor just described cannot stand high 
voltage and, besides, its leakage is large unless handled with much 
care. Another type of slow-speed conductor which does not have 
these objectionable features is represented in Fig. 10 and Fig.ll. 
It consists of a large number of equal spools 12 3.... connected 
in series. Fig. 10 represents a part of two rows of these spools, 
each row mounted on the same tube, one for each row. These 
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tubes are marked A and B. From each wire connecting two 
consecutive coils runs a wire to a binding post leading to a section 
of a condenser; these sections are denoted by i, ii, iii, etc., in 
Pig. 10. There areas many of these sections as there are coils, 
and they are all equal to each other. Each coil has as nearly as 
possible the following constants 

Z = .0125 B. 

R = 2.5 ohms. 

The capacity of each condenser section is .025 microfarad. Each 
coil with its condenser section is equal to 2-| miles of telephone 
wire mentioned above. Two rows of 40 coils each with corres¬ 
ponding condenser sections are mounted together and enclosed in 
a dust-tight glass case. Such case represents a loop of 200 miles 



Fig. 11 

of long-distance telephone wire. .The electro-mechanical labora¬ 
tory of Columbia University has five such cases and these repre¬ 
sent together a loop of a thousand miles. Fig. 11 is taken from 
a photograph of one of these cases. The two rows of coils are 
seen near the bottom of the case. The square box near the top 
of the case is the cotulcnsor box with the condenser sections. 
The wires running radially froixi this box are the wires connect¬ 
ing the condenser sections to the coils. The condenser sections 
and the coils can be connected in two ways, both of which were 
discussed in Section II and illustrated by Eig. 4 and Fig. 5 of 
that section. In the first ari’angement, Fig. 4, half as many con¬ 
denser sections ai*e required as in the second and, therefore, the 
capacity per unit lengtli of eqtiivalent wire will be smaller. The 
theory given in Section III states that up to about 1,000 p.n.s. such 
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a loaded conductor will be equivalent to a uniform air line. 
Experiment confirms the theory, for it shows that M (j/f) and 
M (F“) curves obtained with such a conductor are the same as 
those given in Fig. 8 and Fig. 9, at any rate up to 750 p.p.s. 

This loaded conductor offers advantages of more exact and 
more solid and durable construction. The spools can be wound 
so accurately that the difference in self-induction and resistance 
between them is exceedingly small. The condenser sections are 
made of tinfoil and selected mica and adjusted carefully. 
Two consecutive condenser sections will differ from each other in 
capacity by as much as even three per cent., but then the average 
capacity of forty such sections will be very nearly equal to the 
average capacity of the consecutive forty sections. It is this 
average capacity which determines the wave-length and the 
velochy of propagation. The capacity of these condensers re¬ 
mains practically constant. They can stand 3o00 volts with im¬ 
punity. 

Laboratory for Blectro-Mech.an.ies, 

Columbia University, New Tork, March, 1899. 



AMERICAN INSTITUTE OF ELEOTEIOAL 
ENGINEERS. 


New Yoriv, April 26tli, 1899. 

The 133d meeting of the American Institute of Electrical 
Encuneers was held at 12 West Slst St., this date, and was 
called to order by President Kennelly, at 8.15 P. M. 

The President :—The Secjrotary will read the announcements 
for the evening. 

The SEcuiETART :—At the meeting of the Executive Committee 
this afternoon, the following Associate Members were elected. 


Name. Address. Endorsed by 

Clement, Joseph Consulting- Electrical Engineer, J. W. Kirkland. 

Messrs Eckstein &Co., and Rand S. Dana Greene. 
Mine., Box 149, Johannesburg, W. L. R. Emmet. 
B. A. R. 


Ellis, R. Laurie 
Ellis, John 
Ganz, Albert P. 

Kennedy, A. P. 
Lawrence, W. H. 


Assistant to Superintendent, A. M. Schoen. 
Augusta RVay & Electric Co., W. E. Moore. 

230 Dyer Building, Augusta, Ga. R. W. Pope. 
Majiager,''I'he Lonsdale Co’s., Elec- Chas. R. Cross, 
t.ric Light Plant, Lonsdale, R. 1. W. L. Pii:ffier. 

R. W. Pope. 

Assislant, I?i-ofessoi*, Physics and Henry Morton. 
Applied Electricity, Stevens W. E’. Geyer. 
liLstituto; residence 612 River J. E. Denton. 

8t., Hoboken, N. J. 

Electrical Engineer, Norton Bros., H. B. Smith. 
Maywood, Ill. R. W. Pope. 

W.E.Goldsborough 

Assistant Superintendent, Second J. W. Lieb, Jr., 
District, Edison Electric Illumi- Arthur Williams. 
natingCo., 49 West 2Cth Street, Philip Torchio. 
Now York, N. Y. 


Lyb’ord, Oliver S. Jr., Chief Engineer, Westinghoiise E. 

& M. Co.; rosi(l(3nco, 916 Lilac 
Bt., Pittsburg, Pa, 

Masson, Raymond S. Salesman an<l Engineer, Westing- 
house E. & M. Co., Mills Build¬ 
ing, San Francisco, Cal. 


Chas. E. Scott. 

J. C. Chamberlain 
F. B. Badt. 

F. A. C. Perrine. 
F. F. Barbour. 
Clarence L. Cory. 
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Namba, M. Professor of Electrical Engineering, E. A. Merrill. 

University of Kioto, Kioto, B. E. Higg-lns. 
Japan. H. W. Blake. 

Peck, John S. Electrical Designer, The Westing- Chas. P. Scott. 

house E. & M. Co., Pittsburg, P. A. Lange. 

Pa A. J. Wixrts. 

Keed, Walter Wilson Electrical Engineer, in charge Theo. Stebbins. 

of the electrical xvork of new W. L. Puffer, 
plant Citizen Electric Light and Creo.W.Davenpoi 
Power Co., Houston. Texas. 

With General Electric Co., 

Schenectady, N. Y. 

ScHURiG, Edward F. City Electrician, The City of PI. Vance Lane. 

Omaha. 806 City Plall, Omaha, W. F. White. 
Neb. K. W. Pope. 

Skinner, Charles Edward Electrical Engineer, Westing- E. B. Keller. 

house E. & M. Co,; residence, P. A. Lange. 

424 Franklin Ave.,Pittsburg,Pa. Chas. P. Scott. 
Swope, Gerard Electrical Engineer, Western Elec- H. li. Wait. 

trie Co., 242 So. Jefferson St., Chas. D. Crandal 
Chicago, Ill. E. P. Warner. 

Wells, Walter Farrington Assistant General Manager, E. A. Leslie. 

Manhattan Electric Light Co., E. W. Hiee.. Jr 
residence, 72 East 77th St., New J. W. Lieb. Jr. 
York, N. Y. 

Widdicombe, Robert A. Engineer, Western Electric Co , E. P. Warner. 

residence, 1658 Roscoo St., Chi- L. Iv Comstock, 
cago, 111. F. B. Badt 

Young, Walter Douglas Electrical Engineer, B. & 0. 0. T. Crosby. 

R. K., Roland Park, Baltimore, H. J. Ryan. 

Md. Edw. L. Nichols 

Total, 17. 

The following Associate Members were transferred to fn 

O 

membership; 

Approved by Boa^rd of Examiners, March 10th, 1809. 

Chubbuck, H. Eugene Manager, Quincy Lighting Companies, Quincy, L 
Barstow, William Slocum General Manager. Edison Electric Illuminating Cc 

Brooklyn, N. 'Y. 

Ti-te Pbesident:— The subject for the evening is a topical di 
cussion upon The Limitations of Power Sub-Division by Electr 
Motors in Manufacturing Establishments,” and Mr. Gano f 
Dunn who has had considerable experience in this direction wi 
oblige us by opening the discussion. 



A Topical Discussion at the J33d Meeting 
of theA^nerlean Distitute of Electrical 
Engmeers^ Neiv York^ April zbth^ iSqq^ 
President Kennelly in the Chair, 


THE LIMITATIONS OE POWEE SUBDIAHSION BY 
ELECTEIO MOTOES IN MANUFACTHEING 
ESTABLISHMENTS. 

[A Topical Discussiok.] 

Mr. Gang S. Dunn:— Mr. President and gentlemen: Stated 
concretely, I should say that the topic of this evening is: “given 
a manufacturing establishment to be equipped vc^ith electric 
power, shall we put in a few large motors or a number of small 
ones of the same aggregate capacity ?” The question should be 
tested in regard to the following points: First, which way 
would be most economical of power? Second, which way 
would be most economical of first cost? And third, which way 
would be most convenient? 

The economy-of-power question divides itself into two parts, 
first as the economy is affected by the distribution pure and 
simple—the problem of taking your power from where it is 
generated and distributing it over the shop; and second as the 
economy is affected by the manner of using the tools. 

To analyze the first part of this power-economy question, I 
have had prepared some data and curves [Fig. 1] which I think 
settle it, since it is very easy to make accurate determinations of 
just what the friction would be in the case of one large motor 
driving a shop, and what it would be in the case of a number 
of smaller ones driving subdivided shafts. My assistant, Mr. 
Douglass, has been kind enough to put these facts into a for¬ 
mula. and I have before me some curves plotted from them. I 
have taken as cases for comparison, one large motor and three 
motors of equivalent horse power. I have put the problem as 
whether we would have 100 feet of shafting driven by one 
motor, or three groups of 33J feet each driven by three smaller 
motors. Taking a duty upon the shaft of one horse power 
delivered for every five feet of its length, which corresponds to 
light machine shop practice, and taking a coeflScient of friction 
at five per cent., which is given in Kent’s Llandbook for some ac¬ 
tual cases, taking a speed of 200 revolutions per minute, and for 
the first case one in which the belts driven by the shaft, pull hor- 
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Economy of subdivision of power. Per cent, of power saved by using three motors 
of equivalent power instead of one. 

Power distributed equally in both directions from motors. 

// = H. P. of the one motor. 
iV = speed of shaft, r. p. m. 
n = ft. of shaft per h. p. 
jjt = coefficient of friction. 

For horizontal belts, equally distributed on both sides of shaft, 

^ = 0.89s // 0.020 j 

For vertical belts, taking total belt-pull equal to 3 X effective belt-pull, motor-belt 
speed 3000 ft. per minute and machine pulleys 12 in. diam., 

^ — 0.895 ^ X 4 - 0.0679 4 - j J 

Shaft diameter = 3.7 

y N 

25 lbs. of pulleys per h. p. 
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izontally 111 opiiosite directions, bo that the only cause for fric¬ 
tion 18 the downward pull of the weight of the shaft and its 
pulleys, we find on consulting the curve that the percentage 
saved by using three smaller motors instead of one large motfr 
IS, for a distribution of 200 horse power, two per cent 

hor a distribution of 50horse power, thesavingisahoutone-half 

of one per cent. A reason why this saving is so small at these 
low powers 18 because we cannot reduce the diameter of our 
shaft beyond a certain point when we reduce the amount of 
power It has to transmit. All of these shafts for motor poweS 
under 25 h. p. have been figured at If inches in diameter ir¬ 
respective of what they have had to do. When we reduce the 
size of our motor and cannot correspondingly reduce the size of 
our shaft we cannot make the savings that a reduced shaft would 
permit. When we go up to as high as 800 horse power the 
saving amounts, with horizontal belts, to 7.4 per cent Taking 
for the second case, that in which all the belt pulls are verticall? 
downward and thereby contribute to the friction, the figures 
come out as follows: It is assumed that the downward pull of 
a belt IS three times the pull necessary to transmit its power, 
which allows for the tension of its idle side. In this case the 
saving for 200 horse power at a speed of 200 e. p. m. and other 
constants as before, is 5 per cent, and for 800 horse power 121 
per cent. Tins is all. ^ 

It is obvious that in the smaller sizes of motors which is what 
we have princ^ially to do with, a saving of If or 2 per cent is 
very easily offset and possibly reversed by a difference in 
efficiency. Motors of 10 horse power to 50 horse power do not 
however, differ very much in efficiency, even at partial loads, at 
which points the efficiencies should be taken. So I think it may 
be safely concluded that.for a case of this kind there will be no 
power saved when we distribute our power divided into three 
shafts instead of having it one continuous 
shMt driven by a single motor of larger size. 

The second part of the power-economy question is: If 
we cannot directly save anything by dividing up our shaft, can 
we make any savings indirectly? And the answer is that we 
can make very larp ones. If we have a shaft of 100 feet in 
length, that shaft has to be kept running whether the tools oper¬ 
ated by it are running or idle, but if it is divided into three 
groups, we can shut down one group or two groups that may be 
idle and thereby make a great saving. You are all undoubtedlv 
familiar with the work Professor Ben jamin has done in this line. 

lie showed that m six machine shops where heavy machine 
work was done, an average of 62.3 per cent of the power pro- 
duced was used in driving the shafting only. In one case he 
E u cent. This is because the shafting 

If’g® “ougli for, and has to be kept running fol 
tools that .are idle, leople think that tools in a machine shop 
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are not idle vei'y much. But it is a fact shown by careful obser¬ 
vations that have been taken, that even in the busiest shops, the 
busiest tools are seldom in operation for more than 80 per cent 
of the time, and I think it is a safe statement to make, that the 
average tool in an ordinary machine shop is not actually running 
more than one-third of the time. The tremendous gains that 
electric power permits come from taking advantage of this idle¬ 
ness of the tools. When we have our single shaft we cannot 
take advantage of it. When we have our three groups of 
shafting we can, and we make thereby a large saving. 

From the economy-of-power point of view we might sum up 
by saying that three shafts save little or nothing in distribution, 
but thej’’ save anywhere from 15 to 50 per cent by virtue of 
their permitting advantage to be taken of the idleness of tools. 

Proceeding to the second test of our question which is that of 
economy of first cost, it is of course commonly known that 
motors as they get smaller cost more per horse power, and when 
we have three motors to do the work of one, it makes the total 
cost considerably greater. 

RELATIVE COSTS OP ONB-MOTOR AND THREE-MOTOR ARRANGE¬ 
MENTS FOR VARIOUS POWERS. 


Length of 
Shaft at s ft* 
per H. P. 

ONE MOTOR. 

THREE MOTORS. 

Increased Cost 
over one-inotor 
arrangement. 
X^er cent. 

70 


Cost of Motor 
and Variable 
Element of 
Shafting. 


Cost of Motor 
and Variable 
Element of 
Shafting. 

lO ft. 

2 H. P. Motor, 
Shaft. 

$t5i. 

% H 9 . Motors 
Shaft. 

$260. 

50 n. 

lo H,p. Motor, 
x) 4 ” Shaft. 

$367. 

35^ H p. Mo¬ 
tors, ijS4' i>haft 

$585- 

59 

4 ft. per H. P. 
200 ft. 

so H p. Motor, 
Shaft. 

$1230. 

i 

t 6 % H. p, Mo-i 
tors, Ishaft 

$1580. 

28 

zVa ft perH.P. 
350 ft. 

too H.p. Motor 
2%” Shaft. 

$2570. 

tor.s, 1 shaft 

$2505. 

Decrease 

2 


I have had figured out, and give in the table the first costs where 
various quantities of power are delivered by one motor, and by 
three motors, and the percentages that the costs of the three 
motor combinations bear to the one motor standards. Taking a 
two horse motor and including not the whole cost of the shafting, 
but only that part which would vary with a change in the si^ie 
of the motor, the cost of such an equipment 'with one motor set 
up would be $151. With three two-thirds horse power motors 
the price would he $260, an increase of 70 per cent, in first cost 
against the subdivided power. Taking another case in which the 
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original motor is 10 horse power, the cost would be §367 while 
the cost of three motors of horse power each would be $585, 
an increase of only 69 per cent, gaining, as yon see, on the first 
figure. In the case of a 50 horse power motor, still larger, the 
cost is $1230; the cost for the three equivalent motors $1580, a 
difference of only 28 per cent. In the case of a 100 horse power 
motor, the cost is $2570, and the cost of the three equivalent 
motors of SSi horse power is $2,505. The figures have crossed 
the line and show a gain of 2 per cent, in favor of subdivision. 
So for 100 horse power the question of whether we shall subdi¬ 
vide or whether we shall use it distributed from one large unit is 
equal as regards first cost. 

These figures that I have given may not be absolute, as they 
have been taken, not so much to give exact data, as for the pur¬ 
poses of comparison, but for purposes of comparison 1 be¬ 
lieve they are strictly correct. 

Lastly, with regard to the test of convenience. I should 
say, in the first place, that half of the motor business would be 
controlled at once. The question of convenience is often abso¬ 
lute. If we wish to equip a traveling crane with motors, there 
is only one size of motor we can use for that crane; we have 
no choice whether to subdivide or not. Also if we have a saw 
or a punch press, or a large tool, we have no alternative but to 
use the size of motor that the tool demands. Therefore there is 
no need of discussing subdivision. The question is ruled out. I 
would repeat that at least one-half of the installations we 
have to deal with, are settled already for us by this ques¬ 
tion of convenience or practicability without any calculation 
or figuring on our part. It is also my experience that 
first cost becomes insignificant and disappears in comparison 
with the gains that are made by consulting convenience of 
operation. 

I have made some figures on the value of the annual product 
of a number of important works in this country, and I will com¬ 
pare them with the value of the power used in making that 
product. The method I have taken to get this value, may be 
criticised, but I think you will agree with me it is about the 
only one available, since large concerns are loath to announce or 
to publish the volume of their business, the volume of their 
sales. I have assumed that material is twice as valuable as labor, 
and therefore that the total output is three times the value of 
the labor. Knowing the number of hands that are employed 
in these various works, and assuming that in American machine 
shops the average pay of an employee is $10 a week—it is found 
to come very close to that,—I have figured approximately 
the value of the product that these concerns turn out. 1 also 
have the amount of power that they use. The percentage that 
the value of the power figured at $40 per h. f. per year bears 
to the value of the product, is as follows: 
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Ratio of Yalue of Powee to Yalue of Peoduct. 


UnioB Iron Works,...f of 1 per cent. 

Baldwin Locomotive Works,.1.8 per cent. 

William Sellers and Co.1 per cent. 

Pond Machine Tool Company,.1.2 per cent. 

Pratt and Whitney,. % of 1 per cent. 

Brown and Sharpe,.py of 1 per cent. 

Yale and Towne,.of 1 per cent. 


We can see from these figures therefore, that the power that 
goes into the product is a very small item in itself, and that any 
savings we may make in that power are unimportant. If we 
save half of it," we do not save much more than a quarter of one 
per cent, of the value of the product. But here is the vital 
point. By introducing a system which saves our one-quarter of 
one per cent, in this power, we may make from 5 to 50 per 
cent, saving in the cost of the product that is turned out,—a 
saving from 20 to 200 times as great as the initial saving which 
brought it about. At this rate we can afford to buy new motors 
every year, and throw the others away. We can afford to dis¬ 
regard" entirely the question of the power saved, or the economy 
of first cost. I think this aspect of the question has not been 
sufficiently brought out. 

I do not wish to take more than my share of the time in this 
discussion, but I will cite one or two instances of what I mean. 
In the case of a machine shop built in the modern style, where 
they wish to have clear head-room for a crane to carry quickly 
heavy pieces of machinery from one tool to another, the question 
of overhead belts or of belts running slantingwise from the side 
galleries down to the tools, which was one of the ways in which 
it used to be done, is ruled out at once by the fact that when we 
are able to put a motor on a big tool on the floor of such a shop, 
no one in his senses would consider driving it by belts, and ob¬ 
structing the head-room. The clear head-room would save per¬ 
haps 5 per cent of the value of the labor of the shop,—in 
making it possible to take heavy machinery and pieces up and 
down it and into its various bays without stopping to clear the 
belts. In regard to the speed of tools we are so accustomed to 
having the cone pulleys which give us certain definite speeds, on 
our lathes and cutting tools, that we do not yet appreciate what 
great advantage we can get from electric motors which will give 
us graded speeds between those that the cone pulleys would 
give. In many cases where a chip is being taken, stopping to 
change the cone makes a defect in the work and sometimes lets 
the chip cool off.—I have recently seen chips being turned red 
hot— and necessitates a resetting of the tool. "With an electric 
motor arrangement, very easy and smooth gradations of speed 
may be obtained, without jerks. This alone means a great in¬ 
crease in output. 

The Government Printing Office in "Washington is the largest 
printing establishment in the world, $11,000 a day being required 
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to run It. It used to be operated by overhead shafting, belted 
to the presses and other machinery below. 

If we should drive this same overhead shafting by large motors 
we would unquestionably make a saving of power' over belting 
it back to the engine room, but we would not make the indirect 
sa-^ngs peculiar to the electrical system. ]]ut if we subdivide 

Svantei^B^ enormous 

This is what has actually been done in Washington, and it re¬ 
sults in increasing the output of the Printing Office 15 per cent 
without increasing the speed of the presses. The reasons are, that 
with direct-connected motors the driving is absolutely uniform 
which makes possible the preservation of what is called the 

accuracy with which they 

wHu u pages after it has been printed. 

With nA T. /nnvifYiiK' r\r\ x1... Try* . t ^ 


,. -o> 0“ account of the different degrees of 

slippage at the moment of impression, resulting from atmospheric 
uM’ f ^inequalities of speed resulting from tlic wabbling 
of the bolt to the crown of the pulley and off again, considerablf 

STrfdiffiSlT preservation of register 

Also in “making ready,” that is, |)reparing the press to print 
by making a great many trial impressfonB and adjustments, the 
lemarkable facility of control of electric motors which may be 
started, stopped, reversed, moved very slowly or very rapidly 
penmtstlns tedious operation which requires a number of hours' 
to be done mucli more quickly than where the control has to be 
effected by slipping a belt on and off a loose imlley. The savimr 
of waste of paper and labor resulting from the absence of oveit 
head gear that churns up the dust, and drops oil upon thepresses 

A 11 contributes to this increase in output. 

All of these advantages do not involve the question of power, 
but are results of the greater convenience in direct-connected 
motors over belted ones. It can be readily seen that in the 
(xovernment Printing Office the question of tlie limit of power 
subdiysion would never be raised. The 3.5 per cent, increased 

ij ^ 1 ^’®'^. ’’“*’'^.7 over for whatever difference there 
would be in the first cost. 

I would make the following eonehisions : 

-.--Where we have to decide whether we shall install one 
a number of smaller ones, I would give prefer- 


enee to the smaller motors down toa limit of 


1 . ^ A4.A/VVAA uv/<*ixiiiib UL 5 a. p. for li^bt laa- 

enme shop diity, and 10 ji.p. for heavy machine shop duty. This 
for cases in which the problem is one of distribution only. 

/bwonrf:—Where the introduction of motors would liave any 
effect upon the product, I would dismiss entirely the question of 
powerand decide solely with regard to the convenience of opera¬ 
tion afforded, and would not hesitate to put in the very smallest 
motors, mounted upon any kind of machinery, notwithstanding 
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their greater cost and lower efRcieney, if they even to but a slight 
degree increased the product of the labor of the shop. Gains in 
this direction cause other gains to sink into insignificance. 

Mk. E. T. E. Lozier: —Thesubjectfor discussion to-night is a 
very broad one. It covers a very large field. The question comes 
up whether the use of individual motors in all cases is desirable. 
I do not think that that general proposition holds true. The 
conditions governing the operation of machines enter very largely 
into the problem. The equation is one that is rather complicated 
and made up of a number of factors. I do not think that the 
general proposition can be held that individual motors applied to 
all machines, whatever their nature, is desirable. 

If we separate the cases, there are a number to be taken into 
consideration. The general machine shop, one in which a number 
of tools of different types and sizes are used, such as Mr. Dunn 
has described this evening and given some very valuable data 
upon, is perhaps one of the most common ones. The printing 
press room is another one, and the cotton, silk and woolen mills, 
in which different forms of looms are used, all come under con¬ 
sideration. I think that the last instance is one in which we have 
got to wait for the future development of electric motive power. 
As concerns the first two, the machine shop is something that we 
arc developing gradually. The printing press is beyond 
the state of development. I think that it has been clearly 
demonstrated that the individual motor throughout the print¬ 
ing establishment is the desirable method of applying 
power, for this reason:—In the printing press establishment, 
the question of cleanliness is paramount. The question of 
speed control is of very great value. All of these affect 
the product. As Mr. Dunn says, in the Government Printing 
Office at Washington, perhaps one of the finest examples of 
individual motor application, they have increased their o,utput 
by 15 per cent. I verified that general figure myself by experi¬ 
ence, and it is undoubtedly true that the man who buys indi¬ 
vidual motors in a case of this kind, pays for his equipment 
before the end of the year. As concerns the machine shop, which 
is a very interesting problem, one that we are all busy with, the 
general lay-out of the shop 1 believe governs the case. The shop 
is probably divided into two sections,—the main part of the 
shop, the nave, in which the traveling cranes are most commonly 
used, and the coves. 

I think that we are all prepared to agree to the general propo¬ 
sition that the large tools that are set out in the middle of the 
shop in the path of the traveling crane should have their indi¬ 
vidual motors so located that the crane will be accessible to 
deliver and handle the material. We have lately made a large 
equipment in which we have done more than introduce the 
general form of large tools in the middle of the shop ; that is to 
say,—we have brought the lathes and small drill presses out into 
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tlie middle of the shop, where the traveling crane can also deliver 
to those tools (see Fig. 2). We have gone further than that and 
have put individual motors on every tool throughout the shop 
(see Fig. 3). Every tool in the shop which I have in mind has 
an individual motor on it. The general effect is remarkable. 
It is almost impossible to comprehend the appearance of a 
shop of that nature to those of us who are accustomed to an 
ordinary belted plant. The shop is very light and very 
clean. The general ventilation is excellent, the absence of 
dirt, etc. is very evident. In addition to that, the speed 
control, which Mr. Dunn referred to, is a very important 
feature. The men become accustomed to handling their 



Fig. 2. , 

tools in a very much better way. The product is not only 
produced at a higher rate, but the product itself is very 
much better. That applies particularly, if I may deviate 
for a minute, to the printing press industry where the 
run of the paper has a great deal to do with it—the nature of 
the work, whether it is half-tone work or ordinary type work— 
the condition of the ink—these all enter into the product, and 
they vary throughout the day sometimes, so that if the operator 
hasVithin his own control the means of changing the speed very 
readily, he can adapt the speed of his presses directly to the dif¬ 
ferent constants or to the different factors that go to make up 
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tlie product. That also applies to machine-shop work, and that 
leads up to a very important consideration in this whole question 
of power transmission,—that is the method of controlling the 
speed of the machines. In ordinary machine-shop practice the 
range of speed of the machines is very great, and it is a very 
difficult one to cover, because as the speed runs down, the torque 
sometimes increases. A large lathe running at a slow rate and 
having a heav}^ piece of work on, the torque of the motor is 
increased, and the cutting of the tool is also at a greater duty, 
and you cannot use the common methods of straight armature 
resistance and held commutation, so that we have got to get some 
good system of speed regulation ; that is essential. It means 
that in laying out equipments of that kind, you have got to have 
a comprehensive scheme of distribution and regulation. It has 
got to apply to the entire equipment. I do not believe that you 
can use the methods which have been customary, although not 
exclusively employed in the past. 



Fxa. 3. 


With the system of speed variation applied to individual mo¬ 
tors, you got the improved ]>roduet at a higher rate. You 
get excellent light and ventilation. The tools are kept in 
bettor shape by virtue of the fact that the general state and con¬ 
dition of the shop is improved, Tlie men get accustomed to 
doing better work. The enjjrit de aorps seems to be raised. The 
dropping of dirt and oil is not so great, and you can paint your 
tools, for example with this alumina pegamoid (such as the ikter 
boxes are painted with). The general effect of the shopds very 
much improved throughout. J should like to read you an answer 
to a letter that I have, referring to the practical operation of this 
shop using individual motors, that I have in mind. I put certain 
(piestions to the superintendent, and I will read these points just 
as they occur. I asked him this general question, Whether 
“ all tools in a conglomerate tool ^op should have individual 
motorsThe answer is this: “The results and advantages 
“ of a shop operated by individual motors are, that when no work 
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“ is being done, no power is being consumed; more perfect speed 
“ control can be obtained, and the operator always has at his 
“ command the full limit of his machine.” I think that this 
is a very important point. I think that if IMr. Dunn’s analysis 
of the matter is followed out, it will be found that the cost of 
the eq^uipment becomes insignificant because of the increase that 
it is possible to obtain in the product of the factory due to the 
improved methods of speed control. It might be looked at in 
another way perhaps ; the percentage of the cost of the power 
to the cost of the product is very small; but the saving in power 
will probably represent a considerable interest on the investment 
for the motor equipment. 

‘^More perfect speed control can be obtained and the 
‘‘ operator always has at his command the full limit of his ma- 
“ chine. Simply by moving a lever he stops, starts or reverses 
and also gets a wide range of speeds without any other move- 
meat on his part except to handle the lever which can be 
arranged to be immediately under the operator’s hands.” 

It is also possible to get a very much greater number of speed 
increments. The average cone pulleys I think have as a rule 
about six variations, while with some of the improved methods 
of motor control these can be increased to eight or ten. 

« This I consider the principal advantage of the system. 
Operators on belt-driven machines will allow their machines to 
operate at speeds that are not suitable to the work in hand, 
rather than go to the trouble of shifting the belt; while on 
“ the other hand, by simply moving the lever, they can alter the 
speed and can handily do this. Another advantage is that the 
“ head-room over the machine is left unhampered. Machines 
“ may be set where they may be served by traveling cranes to 
the best advantage. Another incidental advantage is that ma- 
“ chines can be moved from place to place very readily, as all 
that is necessary is to change a few connections.” 

I have seen that point exemplified in a number of eases where 
in machine shops the machines have to follow the exact lines of 
shafting and belting. Sometimes they place their machines at 
inconvenient points, where, if they have the individual motors, 
the shop can be arranged at will. It very often happens that 
the growth of the business is such that machines that were con¬ 
veniently located atone time become inconveniently located, and 
the space which they occupy, and particularly in the case of large 
tools, is wanted to be occupied by smaller tools. Then these 
larger tools can be readily moved to points of greater advantage. 
Often times these points are in nooks and corners of the shop, 
where while it is not impossible to reach them by belting, still it 
becomes awkward to do so. 

My correspondent continues:— 

‘^Another advantage is the cleanliness of the shop, and this is 
of no minor importance. It is well known that belts cause 
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circulation of air in tlie shop which deposits dust particles on 
walls and ceilings.’’ 

I asked him what the item of repairs and maintenance was in 
a shop using individual motors, and he says “That it is no more 
“ in a shop equipped with motors on every tool, than with a belt- 
“ driven outfit, provided that the motors are in the first place 
“ adapted to the work.” The adapting of the motors to the work 
is something that is coming along, I think, as the business pro¬ 
gresses, because when the power has once been determined it is 
a constant, and that size of motor can always be employed for 
performing that work on that particular tool. That leads up to 
the question of how much difficulty there was in obtaining tools 
built for individual motors. This shop that I have in mind has 
grown very rapidly, and they have had to buy tools on short 
notice, and the question came up in my mind, or at least ’I 
thought it best to ask the question, if the inconvenience.in wait¬ 
ing for these special tools was sufficient to offset the advantages 
that were obtained from the use of these individual motors. The 
answer is this: “We have some difficulty in obtaining tools built 
“ for individual motors, but this will gradually eliminate itself as 
“ the demand increases.” That is to say, the tool builders, 
as the printing press people are doing, will begin to adapt the 
head stocks and the driving gears of their machines to these mo¬ 
tors ; so that a man can order either a belt-driven tool ora motor- 
driven tool, as the case may be, and get it just as quickly. It is 
going to be inconvenient in changing over from the old school to 
the new, but in the case in point the difficulty has not been insur¬ 
mountable, They have been able to overcome it. 

•K-x-x* u builders are willing to make the necessary 

“ changes at the present time, at least all of the enterprising 
“ ones.” As stated before, the speed control is far superior to 
the belt system not only in its range, but in the e-ise of adjust¬ 
ment. I then asked the question: “Would you return to the 
“ belted system under any circumstances ?” The answer is, “ I 
“ would not return to the belted system under any circumstances. 
“ This I consider, however, no argument, as it is only the expres- 
“ sion of a prejudiced person.” 

The ([uestion then came up of whether the geared motor or 
the slow-speed direct-connected motor appeared to have the 
greatest advantages, and then considerable follows in which the 
(question of applying the direct-connected motor or the geared 
motor to various classes of work, and it seems that it depends a 
great deal on the nature of the work. Taking the question of 
lathes where the torque increases inversely as the speed; in the 
larger lathes the direct-connected motor is more adapted, but 
when it gets down in the smaller sizes of lathes,—20-inch lathes 
and smaller—the torque is so great, the size of the motor is so 
large, that it cannot be conveniently placed in the head stock, and 
consequently a geared motor of higher speed is used, but the 
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general idea seems to be that eacb individual tool lias got to be 
considered by itself, and its different features worked out, and 
there does not seem to be any clear line of demarcation; each 
tool is a separate proposition, and the form of motor to be applied 
is governed entirely by the conditions under which that tool 
operates. In answer lie says: “So much for the motors them- 

selves as connected with machine shop tools, but the subject of 
“ the greatest importance in connection with this matter is the 

supply of electric current.’’ Then he goes on to describe the 
different schemes of speed control that were tried and comes 
back to the original proposition that in case of a large equipment 
composed entirely of independent motors where speed control is 
desirable, it has got to be taken as a general proposition ; it hardly 
seems feasible to apply the old established methods that we have 
been following in the past. 

This speed control must be obtained either in the construction 
of the machine or iti the method of giving it potentials. The 
system must be so arranged that this speed control can be ob¬ 
tained in a manner to give the motors a constant torque, irre¬ 
spective of the speed and with the highest elSciency. 

It is also necessary to have some comprehensive system apply¬ 
ing to all of the motors of the installation or to such as may be 
necessary, which will accomplish these speed conditions. It per¬ 
haps requires some courage to do this, but the results well war¬ 
rant the effort, as has been successfully demonstrated in the 
example that I have cited this evening. 

Mr. H. Ward Leonard :—I should like to emphasize a little 
the fact that rheostatic control is adapted to only a very small 
line of speed control of motors. Where you have work in which 
the torque increases in some definite way as the speed increases, 
as for example, a centrifugal pump or a ventilating fan, a 
rheostat gives a very nice method of securing the control that 
is desired, as each particular speed represents a definite torque 
and the control can be quite perfect, and the speed can be main¬ 
tained at any speed that is desired. When, however, the torque 
is independent of the speed, as is usually the case, or where, as 
in some few instances, the torque varies inversely as some func¬ 
tion of the speed, then it becomes of the first importance to see 
that in a practically constant field you supply the armature with 
a net voltage which will be available in proportion to the speed, 
and there are quite a number of ways of securing this result, and 
two or three methods I have already described before the Insti¬ 
tute and there are two or three modifications which I will make 
a few comments about. 

Referring to Fig. 4., s is to represent the generator of constant 
E.M.F. which for convenience in handling the figures we will call 
100 volts, and r is a rotary transformer consisting of three arm¬ 
atures which will revolve continuously across the outside voltage 
and having the armatures so wound as to create upon a 4-wire 
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system, constant potentials, such that between the outside wire 
and the first condnctor there will he 23 volts; between the two 
middle conductors, 33 volts; between the third and fourth, 
volts ; thus giving us available six different constant electromo 
tive forces as follows ; 23 volts, 33 volts, 44 volts, 56 volts, T7 
volts and 100 volts. This system will be available for operating 
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Fig. 4. 

the lights m a factory and supplying all purposes which require 
only a constant electromotive force, and will also give through' 
out the shop at command these six different constant electromo¬ 
tive forces 

The field of the. motor would preferably be wound so as to be 
connected across the outside wires and would have a field rheostat 
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for sncli partial regulation as might be desired in that way, and 
each one of the four constant potentials represented by the four 
different wires would be led to different contacts of a switch 
with a contact lever which would enable you to connect one 
brush of the motor to either one of the four wires, and similarly 
to connect the opposite brush to either one of the four wires. 
Thus you can get upon this armature, while in a constant field, 
and a field which is independent of the armature current and in¬ 
dependent of the opening of the armature circuit, any one of the 
six constant electromotive forces, and you can get them graded 
m order, and you can get them reversed. Of course 1 have 
shown this in a very crude, simple form ; but a controller de¬ 
vised to give such gradations of voltage upon the armature, wfith 
intermediate gradations, if desired, of ohmic resistance, will en¬ 
able you to operate any motors through a manufacturing es¬ 
tablishment in either direction at these six different automatic 
speeds; and generally speaking, if you can get six graded speeds 
such as this, and can get field regulations to carry you from one 
to the other, or if desired, rheostatic regulations to" secure inter¬ 
mediate speeds, you can fill almost all requirements that are met 
with in manufacturing plants. The size of this rotary trans¬ 
former would in all probability, in a large, comprehensive es¬ 
tablishment, be, in kilowatt capacity, about 20 to 25 per cent of 
the kilowatt capacity of the main generator; for you will under¬ 
stand that all motors which are being operated at full speed do 
not require any of the current that is going through the rotary 
transformer, and those that are operating at the highest speed 
affect only a portion of the rotary, and as a consequence, there 
vnll be times when one of the sections of the rotary transformer 
may be operating as a motor, another section as a generator, and 
so forth. There may be any one of several different conversions 
going on there, depending upon what conductors the motors are 
connected across. 

Another form of control which sometimes has its uses, is this: 

Suppose we have the familiar 3-wire system, and that we 
have 100 volts on each side. Suppose we connect the armature 
of the motor to be controlled, between the middle wire and one 
outside wire. Let us call the potentials of the 3-wires of the 3- 
wire system 0, lUO, and 200, and suppose one motor armature is 
connected between 0 and 100 potentials, so that it is subjected 
ordinarily to 100 volts constant Now let us place in series 

with our motor armature across the constant e.m.f. of 100 volts, 
another armature which is driven constantly at full speed in one 
direction of rotation and revolving in a separately excited field, 
which is variable and reversible. Suppose this regulating 
armature is wound for 100 volts when its field has its full 
strength. Evidently we can cause the 100 volts of this regulat¬ 
ing armature to either assist or oppose the e.m.f. of 100 volts 
across which the motor armature is connected. Thus we can se- 
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cure upon tlie terminals of the motor any e.m.f. from 0 to 200 
in a constant field. The amperes _ through the regulating 
armature and the motor armature will be the same, but the 
maximum e.m.f. of the regulating armature will be 100, and the 
maximum e.m.f. on the motor armature will be 200 Tolts. That 
is the watt capacity of the regulating armature will be only half 
of that of the armature of the motor to be regulated. A con¬ 
venient way of operating the regulating armature at constant 
speed will be by driving it by means of a shunt-wound motor 
connected across the constant e.m.f. The chief novelty of this 
scheme consists of starting from an intermediate potential such 
as that upon the central wire of a 3-wire system and connecting 
to such intermediate potential, one terminal of a generator of 
variable and reversible e.m.f. and thus developing at the other 
terminal of the generator, a new potential controllable over a 
wide range. This new variable potential can readily be carried 
beyond the potential of the outside wire of the 3-wire system so 
that the direction of the current would reverse in a motor 
armature connected between this variable potential and the po¬ 
tential of the outside wire of the 3-wire system. _ 

Another modification which is sometimes convenient, and 
which I first put into commercial practice in 1891, at the works 
of the Eddy company, is to control a machine where, as when 
some conditions are met with, it is important to have perfect 
control at very low speeds, but it becomes unimportant to have 
very good control except at such reduced speed. Under such 
conations a large motor can be controlled with a small motor 
generator, the motor end of which would_ be connected across 
the full voltage ; the generator end of which would be ol tew 
volts and many amperes and so arranged as to supply, m starting 
and at low speeds, the armature which is going to be operated 
and controlled, and after you have reached the limit of the speed 
represented by the low voltage at the generator end of your 
small motor generator, you step off from that point either to a 
rheostatic control or something like perhaps the series paiallel 
control, though the rheostatic control is the one that is simplest 
and cheapest. In the instance at the Eddy vvorks the motor was 
a 500-volt motor and a motor generator had its primary end sup 
plied with 500 volts, and the secondary end produced as a max¬ 
imum 100 volts. At that time I was trying to devise scheines 
for operating large presses and things of that nature ' 

the control of the press at very reduced speed was a mattei ot 
the first importance, but where it 

portant as to having perfect control beyond the ®P®ed 

Irxd in the effort to try to secure the reduction in 
necessary equipment I put this into use and it worked all right, 
b^tTe added complication of the switch devic^e which was m- 
quired,made me believe, and I _still_ believe, that “0^“- 
stances it is best, on account of simplicity, to spend a little m e 
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money in tlie beginning and get the most simple equipment 
possible. Such an arrangement as that described is perfectly 
feasible, and it reduces the size of the necessary motor generator 
equipment materially. I wish to point out that quite frequently 
it may be advantageous to replace the rotary transformer equip¬ 
ment ill Fig. 4 with a storage battery, which nowadays has 
become far more favorably thought of than heretofore, and very 
frequently may be a feature of an equipment of a manufacturing 
establishment. Of course when you have a storage battery you 
have plenty of available points for connection, and can thus 
create any desired intermediate potentials that you may wush to 
have. 

Mr. F. M. Pedersen :—I would like to ask Mr. Lozier to ex¬ 
plain an apparent inconsistency. If I recollect his remarks cor¬ 
rectly he said at their beginning that he did not favor putting 
independent motors on tools; that is, carrying the system to its 
extreme by putting a motor on every tool, but that he inclined 
toward group driving; and yet he spent most of his time in de¬ 
scribing'" a shop in which there is a motor on every tool without 
exception. I would like to know whether I misunderstood Kis 
first remarks. 

Mr. Lozier :—My first remarks referred to the general propo¬ 
sition of individual motors on all machines, not necessarily tools, 
and I went on to specify the machinery, referring to the machine 
shop, and the printing press shop in which the individual motor 
seemed to be advisable, and then going on to the weaving ma¬ 
chinery, in which the unit of power in each case is very small, 
and in which the group system seemed to be advisable. One 
reason for the group system in the case of these weaving ma¬ 
chines is the q'uestion*'of the constancy of the speed and the 
ease with which additional looms can be added. I believe that 
in a large industry in which one class of machinery, either a 
loom or something of that nature is used, that the tendency now 
is to establish a certain ratio between the cost of the motive 
power and the machine. I think that to-day, although it may 
not apply later on as electricity develops, and is better known that 
it can be stated that where the cost of the motor exceeds the cost 
of the machine that it is to drive, where that class of machines 
preponderates in an industrial establishment, that it is not com¬ 
mercially practicable to use the individual motor. Where, how¬ 
ever, the number of such machines or tools is smaller than the 
general run of tools in the factory, or whatever industry it may 
be, then of course that rule does not govern. I think that answers 
your point. 

Mr. Georoe Hill: —I hoped to hear rather more of the dis¬ 
cussion before participating in it, because the experience which 
I have had has been mainly in the line of printing press and 
bindery work, and while the results are probably applicable 
generally, as instwcod by the results given by Mr? Lo^zjier, yet a 
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general proposition can not safely be taken from one branch of 
industry. The conclusion which I have reached after installing 
the American Eook Company plant and watching its operation 
for nearly three years, has been that in general there is no theo¬ 
retical limit to the economical subdivision to which we can carr)^ 
the application of the motor to the machine. There are [)ractical 
cases, however, such as have already been instanced, in which 
there is such a limit. In the American Eook Company plant 
we had a great many Smyth book-sewers which recpnred about 
one-tenth of a horse power to operate. They were all run by 
operatives on piece work, some of whom were much pleased 
with the individual motors which were put on, and others were 
much displeased, and those that did the best work were the ones 
that were the least pleased, because the little motoi*s wliich gav^e 
a speed of some 55 signatures a minute at the start, dropped 
after warming up, to about 40, 44 and 45, decreasing the output. 
We then changed the twelve machines, and drove them by 
means of a half-horse power motor with a three-(|uarter ineli 
shaft placed on the floor, giving a speed of GO signatures per 
minute, and this was satisfactory. If the motor liad been suffi¬ 
ciently perfect to have maintained its speed thronghont the en¬ 
tire day’s run, the application of the individual motor to the in¬ 
dividual machine would have been perfectly satisfactory. In 
this plant we have a number of and ^ h.i». motors giving porfe(d'. 
satisfaction. 


Economically, the American Eook Company’s plants originally 
manufactured 14,000 books a day at a fuel cJst of aI)ont$E5 ob¬ 
taining simply the manufacture of the l)Ooks. hi their new 
no about $8.50 a day; they are manufacturing 

22,000 books a day ; operating their New York offices, and the 
general omces of the corporation ; lighting the entii'e buildim^' • 
operating all of the elevators required for the manufactory 
stones); and m addition operating two liigh-siieed high-catm^tv 
hydmflic elevators, required for the service of the three uprxn- 
stones by the owners of the building in wliinli tliev arci the 
^^V'^ych they operate the plant. Our preliminary 
estimates showed but very little ditference between the cost of 

engine, vertical shaft, and various 
horizontal shafts on each floor and the electric installation. 

Two great diificultiee to be met by the dcsigninn: 

^ exist still, ! 

hnow I found thein serious; one was that absolutely no 
mioimation was accessible as to the amount of power aetially 
required to operate the various machines when in good adiust^ 

ment. I had hoped to be able this evening to place on record 
«.me of mj otero.tiom there, but . sud S„ ur£„V „ ej f 
mad. It mpoeeiMe for me to get.t m, data 11» Suit,™, 
oneof the machines weighing about three tons, a very heavy 
, aehine, running at a low rate of speed, was stated by ifs makm- 
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who had done nothing but manufacture this type of machine all 
his life, to require about hve horse power to operate it. I con¬ 
cluded from my observation of the machine operating with a 
Tour-mcli beit, that he was very much in error, and I put a half¬ 
horse-power motor on and the maximum of current required 
for the operation of that machine with the largest book that they 
could put m It was three-eighths of a horse-power. The second 
dithculty IS to know when a machine is properly adjusted. In 
one of the large Cottrell sheet perfecting presses, the man that 
erected it claimed that it was in perfect adjustment. It was tak¬ 
ing 7-^ horse power._ I concluded that he was in error, and after 
considerable wrangling showed him how to use the ammeter and 
tachometer and finally having to show him where in his press the 
friction losses were, we reduced the power to four horse power. 
We put in five Iloe presses. Four of those presses operated 
very nicely with three horse power, one required nearlv five, 
ine lioe company said “ Of course that is in your motor. There 
IS no question about it. The floe company does the very best 
jiossible work. _ All of their work is absolutely the same, and if 
one press requires any more power to operate than the other, it 
is unque.stionably in your motor.” Well, we argued it a little 
bit and hnally we took the cylinder out, scraped one of the end 
blocks a little and put it back again, and we lost that additional 
horse-power. It came right down to where the others were. 

In another plant that I have in mind, the press had recently 
come fioni the maker, and was said to be in perfect adjustment 
and as an illustration of it the press tender showed me how it 
worked. It was a belt-driven press and he threw the belt on 
_]ust lor a moment, so as to throw the bed direct into the air 
(.ushion and then threw off the belt. The air cushion was quite 
strong enough to throw the bed back again and into the entrance 
of the opposite cushion. The power to"operate that press was at 
least two and a-half times as great as it ought to have been, and 
showed violent fluctuations that were not necessary. The in¬ 
formation therefore that an engineer needs in order to intelli¬ 
gently (ionsider the lu-oblem at the start, is such that a few 
engineers have, and which is not generally published, so that he 
must rely on his own good judgment and' expect to make some 
mirttakes in the attacliiuent of the motor to the machine to be 
driven. 

Another interesting experience, perliaps, as illustrating the 
enorrnous waste of power in belting, which I had, was primarily 
occasioned by the endeavor of a certain company to demonstrate 
the superior eflieiency of a very low-speed motor directly con¬ 
nected to the shaft of a press. They had this motor connected 
up, and in order to compare it they sent down one of their high¬ 
speed niotors which liad a four-inch pinion and was belted on 
about five feet centers to a flO-inch wheel on an extension of the 
shaft. They operated first the high-speed motor and then the 
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low-speed motor with, the same form. The result was that the 
low-speed motor took about one and one-half horse power and 
the high-speed motor took about two horse power. 1 suggested 
that that was not a very fair test, so we raked out of the scrap- 
heap an old broken gear-wheel that was cobbled up with a piece 
of scrap-iron on the back and a pinion, and we put exactl y the 
same motor on, gearing it, after which the geared motor took 
seven-eighths of a horse power as against one and one-half horse 
power for the slow-speed motor. The American Book Com¬ 
pany’s plant has a number of both kinds in operation, and the 
chief engineer informs me that he would very much leather have 
the geared motor running at relatively high speed than the low 
speed motor; that it operates more satisfactorily and gives him 
less trouble and takes a great deal less current. In regard to 
varying the speeds I think we accept conditions that would be 
laughed at if offered to the old mill engineer to meet with shaft¬ 
ing and belts, and are the outcome of the disinclination of the 
shop owner to properly equip his shop with machines for the 
work. With the usual methods we can give as wide a range of 
speed as is really necessary, cut the coal bills in two at least, and 
maintain the speed at a uniform rate and this is not possible 
with belting. It is my judgment that every machine requiring 
one-quarter horse power or more, should liave its own raotoi-, 
either series or shunt wound, according to its work. If smaller 
motors are ever built that will maintain a uniform speed for a 
10-hour run, install them where needed. 

Mr. H. B. Coho :—I recently had a talk with a very prom¬ 
inent manufacturer which led me to believe that this matter of 
subdivision of power is largely a matter of the amount of money a 
man intends to invest. The situation is this : They were oper¬ 
ating a line of sewing machines with one motor running at about 
500 revolutions per minute, directly connected to the line shaft. 
This motor operated 100 sewing machines and had cost the pur¬ 
chaser about $300 and about $100 for shafting. lie was inclined 
to think that individual motors on each machine was what ho 
wanted, and I made a test for him, putting individual motors on 
several sewing machines. I found that the 100 sewing machines 
operating with individual motors would take about JiO amperes 
more than the motor running the 100 sowing machines from the 
shaft. These figures are, of course, based on the entire 100 
motors being in operation.^ After I described to him the extra 
current required he was still interested and desired to go further 
into the matter. He asked the cost of the 10(.) motors and I 
said about $1,800. I thought of course this would kill him, or cause 
a fainting spell, but it didn’t. He calmly remarked, “ that repre¬ 
sents only iSO per year.” He said further, “the whole matter 
to us is this: What we wish is the least liability to break-doMm 
and the greatest convenience for our operators. In depending 
on one machine we might have a break-down which would be 
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serious, while with 100 machines we would hardly be liable to 
have any machine out of service any great length of time.'' 1 
told him we would be very glad to make the 100 motors. This 
is the first case of this nature that I have ever had. This leads 
me to think that purchasers are beginning to look at these mat¬ 
ters largely as one of investment, and that, as Mr. Dunn said, the 
percentage of operating cost is so small in relation to the output, 
that it is largely from a consideration of the (convenience and 
freedom from accident that will govern the extent to which 
individual motors will be used. 

Mr. Obertjn Smith:— lieferringto Mr. Dunn's remarks about 
the percentage of the cost of power to the product of a machine 
shop, my experience in the Ferracute Machine ()om])any is that 
it is aboui one and one-half ])er cent. This agrees pretty nearly 
with some of the other people’s figures. In general, in rt^gard to 
the matter under discussion, some of you may know that I have 
been talking individual motors as an eventuality for severai 
years, even at a time when anybody was thought somewhat of a 
crank who did advocate them. Some eight or ten years ago it 
was very cranky indeed. I still tldidv, and always have, that 
absolutely individual motors on every machine is the ideal 
method; I do not say as yet the practical method. Five Vi^ars 
ago it was a very impra-cticable method and we thouglirtlum 
that it was proper to adopt them only occasionally. Now it 
seems to be becoming more and more the proper thing to put 
in smaller motors and more of them. 

The slow movement of this reform is due partly to the (am- 
servatism of the public, whkjh of course will pass away in tinn*. 
Motors are being not only improved and clmajicned but they are 
being adapted to the i)articular work that they have to <Uk In 
my own practice at present I usually put motors on individual 
machines where they re(pnre about two horse power or upwards ; 
but where they run below tliat, 1 try to use the groupsystmu. Of 
course this will depeud a good deal oii the /vVh/ of^imuduncH. 
In the ordinary machine-shop, where there are a gre^at many 
small drill-presses and lathes, taking a fraedion of a horse pow(ir 
each, the best present method would seem to me to be, to nst* 
as much group driving as mn be arranged with those small 
machines; then ()n the larger one's using say aboviO wo horse 
power, apply individual driving wherever pra.(dicahle, or ap¬ 
parently best. Of course there are excejitions to all rnlt^s. 

In legaid to the advantages mentioned by Mr. I fully 

agree with the (pmtations he rciad. Other matters that 1 think 
were not mentioned were, first, the much greater light tliat is 
ptten in the shop ; seemnd, cleanliness; third, morn room over¬ 
head; fourth, and (piite important, extra safety. We all know 
the danger in inachine shops of big shafts winding peoph^ up ; 
and of belts flying off pulleys; and sometimes of abangtu' falling 
down with shafting, pulleys and otlier things on men's heulu. 
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We get rid of all this with the electric drive, and have nothing* 
bnt wires under the floor. 

Another geographical advantage, so to speak, besides those 
that other speakers have referred to, is the ability to pnt ma¬ 
chines away from the natural positions of lines of shafting and 
not to limit them in direction. With individual motors we can 
turn the machine around any way. We all know how awkward 
it is if we have a long narrow shop and a row of lathes standing 
(as they must) parallel with the line of shafting, to put planers 
there also,—as planers are usually arranged for belting. Sucb- 
awkwardness frequently comes in, cutting up passage ways etc. 
into a sort of maze. With electricity we can stand machines 
around anywhere, cat-a-corners or otherwise, and move them 
about freely, without keeping to parallel lines or anything of 
that kind. 

What we badly want is a further reduction in price on small 
motors. This is bound to come; it is coming rapidly, and will 
come very much more rapidly than it has so far, when we make 
motors not by the 50 and 100, but by the 1000 and 10,000, as we 
^do sewing machines and such things, with a great many special 
tools. Then of course the price will be much lower ; and the 
demand and supply have got to react on each other as we go 
along to bring such a state of things,—but it is coming ! 

It seems to me that another thing which is holding back the 
use of motors a good deal, in machine shops especially, is im¬ 
perfect control. The methods mentioned by Mr. Leonard are 
very interesting, and it would seem that something of that kind, 
the running of a number of wires from any proper soui*ce, 
carrying various voltages, as he speaks of, running such group of 
wires to every machine, and then picking up special voltages as 
we want them by proper controllers, might very likely be the 
coming method. This, however, can be left to the electricians 
to work out. I can tell them, from my mechanical standpoint, 
that good control is the thing we want worst of all, not only the 
control of a few speeds at a somewhat varying rate, but of many 
speeds at a great variation. 

Consider the ordinary machine shop, which gives very severe 
conditions for changes of speed, although not so much for 
changes of load ; take a 20-inch lathe that we want to rnn at say, 
about *J5 feet a minute cutting speed. If we are turning haff- 
inch work, we want 200 revolutions a minute ; if we are doing* 
20-incli work we want only 5 revolutions. This is a tremendous 
variation, much greater than any of the ordinary controllers 
would give, and much greater than any motor can be expected 
to work efficiently at. Perhaps the remedies will come in this 
way, that we will specialize our lathes and such machines more ; 
we wont try to run one lathe from 20 inches down to half an 
inch, but will have one that runs from 20'^ to 10^'", another from 
iO'" to b" and another from 5" to 2|'', etc. The electrical men 
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will not then have to make such tremendous variations of 
speed. In drill-presses we have a more moderate variation, 
while in milling machines we have a little, and in planers scarcely 
any. All these are problems to be worked out; to adapt the 
motors as far as possible to the present lathes, but also to try 
and make the lathe makers and users adapt their machines to 
the electrical conditions, which seem to be somewhat limited in 
spite of everything. 

My experience in this work has been more especially with 
punching and drawing presses than on other work, and I lately 
have had a number of motors sent to me to put on presses. 
Among these were eight large presses using, on an average, 
from three up to six horse power. We equipped all of these 
with individual motors, and then we had several smaller presses 
taking from one-quarter to three-quarter horse power each, 
which were arranged in groups of four or five with a small 
motor to drive the group, putting the shaft on the floor so as to 
keep the overhead space clear. 

Since then I have built and equipped a lot of presses for the 
Mavy Yard at Washington for drawing bi’ass shells for cartridge 
cases for rapid-fire guns of various sizes, from one-pounder up 
to six-pounder and three-inch. The complete plant, as far as the 
presses went, was all driven with individual motors, the largest 
of them 15 horse power and the smallest 5 horse power. Then 
there were a few trimming lathes which were driven with very 
small motors. 

The conditions in presses are, of course, vastly different from 
what they are in machine shop work. In the latter the great 
desideratum_ is an immense difference in speed and not very 
much variation in load. In presses, except in a few instances, 
we need no variation of speed. 

There are sometimes little automatic armature notchino- 
presses that run from 50 to 200 revolutions per minute and waiit 
four to five different speeds, but these are only exceptional cases 
almost all of the ordinary punching, drawing, cutting, and shear¬ 
ing presses running at a constant speed. We have only there¬ 
fore to contend with the need of a great variation of load ; and 
before having experience with them it might be thought this 
would be somewhat difficult, and that the electrical men would 
have to be called on to do a good deal of puzzling to get tilings 
right. They seem, however, to have done all this naturally, and 
we can buy motors in the open market that give the tremendous 
variation required without any trouble at all. It is quite inter¬ 
esting to put a three horse power motor on a press and see the 
power shoot up to 12 and 15. I have seen it go up even as high 
as 18 or 20 horse power, at the peak of the curve, for an instant, 
without hurting the motor, and on a five horse power motor run 
up to 30 without any trouble at all. The diagram of power is a 
little peculiar. With a five n. p. motor driving a good sized 
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punch press about half a horse power is used when the fly-wheel 
is running loose. The moment the clutch is thrown in there is 
a very sudden rise xintil the inertia of the shaft and attached 
parts is OTerconie, when the curve falls rapidly to perhaps one 
horse power or so. If it was not for the heavy ram of the 
press the line would run along at this, but as the ram goes down, 
there is, by reason of gravity, a still further decrease of power. 
When the crank passes the lower center and begins to raise the 
ram, the load increases but not quite up to the little peak caused 
by the clutch being thrown in. As the ram gets up towards the 
top the power dies away, and as the clutch is thrown out it drops 
down to the original level. All this is when the press is run¬ 
ning, doing no work. Ordinarily, when we are doing work, as 
for instance, punching thick iron, the punch striking its surface 
when the ram is perhaps half way down, the lirst quarter of the 
diagram will be the same as before, but the peak will be very 
abrupt, rising to a great many horse power. If the punching 
pressure was uniform as it went through the metal a flat top to 
the peak would run along for a while, but of course as the punch 
gets into the metal it has less and less to cut, and the line falls 
till the wad of metal is loosened, when a sudden drop occurs, a 
rise of small hight following it as the stripping, or getting the 
punch out of work takes place. The conditions are diflerent in 
the drawing press, where the work is struck rather soon after the 
ram begins to descend ; and in drawing a deep shell like a cart¬ 
ridge, or a deep cup, or a seamless can, the power is nearly con¬ 
tinuous during the whole stroke, so that the high peak continues 
straight along in a tableau for a good while and then comes down 
as the punch is being pulled from the work. For very severe 
service we have found compound wound motors the best, al¬ 
though we have used the ordinary shunt motor with fairly good 
success. 

Mr. Townsend Wolcott : — I would like to ask Mr. Smitli 
one question. The diagram represents the power actually taken 
to do the punching, drawing and so on, but it is not the load 
thrown on the motor, is it ? 

Mr. Smith :—Yes, it is thrown on the motor. 

Mr. Wolcott :—Where does the fly-wheel come in ? 

Mr. Smith :—Sometimes we run presses with but a very small 
fly-wheel, which stores up but little energy. Of course with a 
heavy fly-wheel there is more such storage, and the maximum 
load on the motor is lessened. For this reason we aim to have 
as heavy fly-wheels as we dare to, but we have to keep them 
light enough not to break down the presses if crow-bars and such 
things get accidentally thrown between the dies. 

Mr. Wolcott: —The presses that I have been familiar with, 
running them with a belt, have a fly-wheel heavy enough to take 
off a very large portion of that peak ; that is, to flatten out the 
curve a great deal. 
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Me. Smith : — Yes, that is true. The fly-wheels we gen¬ 
erally use, do flatten out the peak and round ofl the little 
humps—so to speak. Of course the peak is much sharper and 
higher without a fly-wheel. The characteristic form of the 
curve is the same, however. This is what I attempted to show 
in my blackboard illustration—without trying to flx any particu¬ 
lar amplitude, due to the presence of more or less fly-wheel 
storage. 

Mr. Wolcott:— Another point in regard to one of Mr. Hill’s 
remarks. I And the same thing myself, that manufacturers of 
machinery, all sorts of machinery, do not know anything about 
how much power it takes to run it, and sometimes if they do 
know it, don’t want to tell, because they think if they state it 
takes a certain amount of power it will interfere with the sale ; 
because they think people would be scared by the amount of 
power it takes. The machinery whicli Mi*. Hill mentioned 
mostly took less power, some of it took a good deal less than the 
makers thought. On the other hand 1 found machinery to 
take more, in two different eases where 1 fitted up machinery 
for mechanical engineers. One was a very well known mechan¬ 
ical engineer. He was very certain lie understood the power 
himself, how much power the machinery took, and he always 
underestimated it; so that although I put in a great deal more 
power than he said he wanted, there was only fust enough when 
we got through. 

Mr. James PIamblet:— The discussion so far lias been al¬ 
most entirely in reference to the application of individual mo¬ 
tors to the machine shop. A little hint was given by one of the 
speakers in regard to the silk mill. I should like to know if there 
has been any practice in applying individual motors to the looms 
in the cotton mills or, silk mills, anything of that kind. 

Mr. Lozier:— If the question is asked of me, I. would say that 
there have been a number of attempts made to drive these looms 
by individual motors ; some of them I believe have been quite 
successful, using small motors about p horse j)Ower, and I under¬ 
stand that there are several large iustallations in eontemplati<m 
now which will be operated in that way; hut 1 have no deflnite 
information on the subject. The problem seems to be to get a 
motor that runs sufficiently steady and also to keep the first cost 
down in comparison with the cost of the loom. 

Mr. H. B. Ooho : — I would say in connoction with the last 
speaker’s remarks regarding silk mill iustallations, that I have 
liad a little experience with this style of work and am not quite 
satisfied with the results. The difficulty which we have had 
seems to have been to get a motor thkt would start (piickly 
enough to give the proper results on the looms. We are stijl 
making tests on this, however, and hope to accomplish it with¬ 
out the use of clutches or anything of that nature, 

Mr. Dunn: —About four years ago I equipped some silk 
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looms with direct-connected motors and the performance was 
very satisfactory. On account of the steadiness of the working 
of the motors, we were able to increase the picks per minute or 
the number of times the comb throws back the thread thrown 
bv the shuttle, about 10 per cent, and the freedom from spoiling 
of silk by waves that will appear if the speed is irregular, was 
very much greater with direct-connected motors than with belt¬ 
driving. The motors were not used by the silk mill for which 
we made these experiments although we equipped several looms 
and had them in operation for a number of months. The reason 
they did not use the motors was because they did not feel there 
was enough precedent for it. They had a French superinten¬ 
dent who was brought over to establish their works and he 
was not sure enough of American apparatus to trust it, and then 
the cost was quite a little above the cost for shafting. On these 
grounds they ruled the motors out. JBut the performance of 
the loonis was very satisfactory and much more perfect than 
with belting. There was not any difficulty of the kind Mr. Coho 
mentioned in starting quickly enough, since the looms were 
started by a clutch, and the minute the clutch took hold, the 
loom went and the motor stood by. 

If I may be allowed to make a few comments on some of the 
other points that have been raised : Mr. Hill said that he be¬ 
lieved that there was no limit to the economical subdivision of 
power. Taking that statement as I believe he meant it, I can¬ 
not agree^ with nim, certainly as conditions are at present, and I 
do not think that they ever will be such that motors will be put 
upon the smallest tools 5 the reason Mr. Hill himself pointed out. 
There are inherent difficulties in the design of very small motors. 
The regulation is necessarily bad and the cost high, and tlie 
facility of control, little. One of the inherent reasons, for 
instance, why little motors are so, is the fact that for a given 
volume of copper wire that it is necessary to use in the winding 
of a certain one-sixth horse power motor that I have in mind, 
only 38 per cent of that volume is copper; the rest is cotton and 
wind. This is a condition that will always be with us. 

As conditions are at present, I agree with Mr. Smith, although 
I would put the limit a little smaller than he has put it. I be¬ 
lieve it is economical and desirable to-day to put motors directly 
upon tools for all eases where the motor is one horse power and 
over. I do not believe in doing it smaller than this, and in a 
great many cases I do not believe in doing it as small. The 
standard turning lathe is the most difficult problem to handle, 
and I would not advise putting one horse power motors to-day 
on turning lathes. Another point Mr, Smith brought up was 
the question of the greater amount of light that was obtained 
when the belts were dispensed with. Just as incidental to that 
1 will mention another fact in connection with the Grovernment 
Printing Office which I have alluded to before. They keep there 
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a very accurate record of tlieir sick list. It is such an enormous 
establishment that this pays. Since the introduction of electric 
power, the sick list has been reduced 40 per cent. I think that 
speaks volumes. 

Another point in regard to Mr. Leonard’s remarks. I am a 
very strong supporter of Mr. Leonard’s methods of control in all 
of their forms. I believe we have something there that is going 
to be used more than it is used now, and that it is absolutely 
the best way of controlling certain kinds of machinery. But 1 
wish I could say that I felt that the method was applicable to a 
very large class of work that we have to deal with, namely, 
work involving cutting tools in a machine shop. I do not con¬ 
sider it the best way of controlling such work for this reason : 
[Making a sketch on the blackboard]. This may represent any 
kind of machine work. It may represent a large wheel hung 
horizontally upon a boring mill, or it may represent a large 
cylinder being turned in a lathe. It has been established that 
the limit of cutting speed at which we can use this tool is 
the limit at which the tool will stand up, will not be dulled and 
will not have its temper drawn by the heat generated. Let 
us assume that we are surfacing a large circular plate and that 
we need a cutting speed of 30 feet per minute; now no matter 
on what diameter we use the tool we want to get a speed of 30 
feet, otherwise we are not working our tool up to its full ca¬ 
pacity. There will be fewer revolutions per minute the greater 
the diameter, but the horse power at our cutting tool—the pro¬ 
duct of the resistance of the tool by the distance over which 
it cuts—will be constant. Now the consequences are these: 
When we have large diameters and the speed has to be slow, the 
torque required to drive goes up. In Mr. Leonard’s method of 
changing the voltage at the brushes of the working motor, which 
principle applies to all of his methods, this is not accomplished 
Mr. Leonard’s method does not permit the torque of the motor 
to be increased, although it does accomplish the necessary reduc¬ 
tion of speed. Every motor has a certain current capacity. If 
it is a live horse power motor on 110 volts, 40 amperes is its cur¬ 
rent capacity, and at that load it is giving the maximum torque 
for which it is designed and which it will run well under. Now 
when we reduce the speed of the motor down to say a quarter 
of its natural speed, in order to make this big piece of work re¬ 
volve very slowly in order not to make the cutting speed too 
high, we cannot increase the current and consequently the torque 
of the armature in proportion as we reduce the speed. This 
problem is one that I have worked over a great deal and the 
only satisfactory solution that I can see is: Let us use Mr. 
Leonard’s methods of regulation for certain ranges of speed to 
get that even gradation that I have mentioned, but for the large 
ranges of speed use a nest of gears, the principle of which may 
be illustrated by this: Here we have a pinion, there a gear. 
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There we have another pinion and here a gear out of mesh with 
it. Xow the motor is connected to one of these shafts and the 
work to the other. If we wish a high speed and a small torque 
we leave this connection on. If we wish a large torque and alow 
speed we throw this gear into mesh with this one and the other 
out. In that way the motor always runs at its constant speed 
and therefore is capable of giving the constant horse power 
which the tool consumes but the revolutions per minute and 
torque at the work is varied. We have the tool consuming a 
constant horse power no matter what the speed of the work, 
and the motor giving a constant horse power, and this 
seems to me to be the only proper solution for this question. 
1 ou may obtain these speeds of course in some other mechanical 
way; but my point is that I believe they must be obtained 
mechanically, and not by electrically regulating the motor. 

T point that Mr. Dunn makes is one. that 

I have understood perfectly clearly since the beginning of my 
work in this direction, and it was about nine years ago that the 
matter was thoroughly threshed out in connection with the 
operation of a large lathe requiring about 10 horse power in the 
shop of William Sellers & Co., and I agree with Mr. Dunn in 
the statement that for the problem as he states it there, mechan¬ 
ical reductions and transformations of a constant power are the 
only solution, and that you cannot make use of electrical trans- 
lormations except at greater first cost so long as copper wire gets 
hotter when the current increases, which is likely to continue. 
Ut course if the motor be made so large as to have a sufiicient 
torque to correspond with the largest torque and slowest speed 
ot your lathe, the same motor will operate perfectly through the 
entire range. But when you buy the cheapest motor you can 
buy tor that lathe, at its highest speed, it won’t be big enough to 
carry the torque that is necessary for the slowest speed. Person¬ 
ally i have found, and various licensees of mine have found 
that a combination of the two makes a very good arrangement; 
thatis.-to get wide ranges by means of a few mechanical gears 
and intermediate gradation that may be required for a treat 
many classes of work by means of the electric regulation. 

Me. Loziee I should like to ask Mr. Dunn if it is possible 
to turn down a large cylinder or to face off a large casting by 
the method shown: at least, how does he expect to change his 
gears while the tool is in operation. 

Me. Dunn .---Mr Lozier has me there. I do not limit myself 
just to gears; but I said mechanical reduction. You might use 
Evans Eeduction Cone which you are un- 
familiar with. I have never had much experience 
with this cone [makmg a sketch on the blackboard.] But where 
1 have used it It has not been altogether satisfactory. That 
18 • a piece of leather belt. These are friction cones, and 
this IS the driving shaft. If the belt is going over there yon get 
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a Iiigli speed. If you get the belt so that its running point is 
here you get a low speed and great torque. You accomplish the 
same effect that you dq with the gears, with no jerks, no inter¬ 
mediate points. 

Me. Obeelii^ Smith :—Such an arrangement of gearing can 
be worked by letting the gears stay in mesh and run loose on 
the shaft with a series of jaw clutches or friction clutches, con¬ 
trived to put in action any desired pair; but of course all that 
makes a good deal of complication. A good mechanical device 
of this sort has still got to be “threshed out’’ from somebody’s 
brain fibre. 

A question was asked about motors for textile work. I have 
not had experience with looms, but it may be a matter of inter¬ 
est that some years ago certain clients of mine got me to look 
into the matter of running every individual spindle of a spinning 
frame, where there were several hundred, set in a row, running 
at a speed of 10,000 revolutions a minute, and taking a very 
small fraction of a horse power each. The parties were among 
the largest and the richest men in that industry in this country. 
They were well-known as men who made enormous quantities 
of spindles and they thought there might be something in the 
scheme. I then went far enough (with some model spindles 
that they sent me and some little extemporized motors which 
were not very efficient) to make up my mind that there was not 
“ anything in it.” Such an arrangement is the very extreme ideal 
application of individual motor driving, I should think. I do 
not know of any condition in the world, in practical machinery, 
where we could well divide up a current into more small pieces. 
If it is ever done it will certainly show that individual motors 
can be put almost anywhere. I am not perfectly sure myself 
but what it will be done yet. You all know that in a spinning 
frame a big tin-plate cylinder or drum runs the whole length 
and acts as a driving pulley. Each spindle has on it a small 
grooved pulley called a “whirl” about an inch in diameter. 
Each belt is nothing but a piece of cotton string tied in a knot. 
Those knots seem to be a very crude device. It is not practica¬ 
ble to splice the strings, and as some get looser than others they 
do not give perfectly uniform results in the matter of speed. 
Hot only is there difficulty in keeping this long row of little 
cotton belts tight alike, but they cannot be adjusted to a general 
proper tightness to get the best effect without wasting a good 
deal of power. 

This is therefore a ease where it is very desirable that we 
should do away with the drums and all their journals and the air 
resistance and journal friction, etc,,—as also all those miserable 
cotton belts, which waste a great deal of power themselves. It 
doubtless would be very desirable to run these spindles with in¬ 
dividual motors, but that is a problem for the electricians to 
work on. It looks impracticable now, but there may be such 
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radical improvements made, some daj’, in motors that we may 
come to an application of this sort. 

Mr. DotjctLASs Bijenett ;—The remarks of the last speaker 
I’emind me that a limitation to the n.se of direct-connected motors 
is in respect to hi^h speed. On several occasions the proposition 
has been presented to me;—Can a direct-connected motor be 
adapted to centrifugal cream separating or clothes drying 
machines I As these run at speeds of ten thousand or so turns 
a minute, I think there would be some difhculty in designing di¬ 
rect-connected motors for them. I should like, also, to refer to 
the remarks of several speakers, and bj” combining them, point 
out that the use of direct-connected motors is limited by the 
commercial difficulty of having to convince several people as to 
their advantages and economy. We electrical people believe in 
them, but then there is, first, the power user who must have a 
reliable motor and a reliable source of power. The remarks of 
Mr. Coho indicate that as it is not advisable, for security’s sake 
to run a whole line of shafting and a number of machines from 
0116 motor, tliorofor© it is not advisaiblo to use an insecure source 
of power such as a single dynamo or a single suppl} service 
when the current is purchased. The man who can furnish an 
isolated plant that gives reliable power, or the central station 
man who can give uninterrupted service through twenty-four 
hours a day, is going to satisfy, in at least one way, the man who 
is to buy the motors. I find that electric motors are largely used 
for coffee roasting for the reason that a reliable source of power 
is available, as any interruption of the current would very ser¬ 
iously jeopardize the value of a large amount of material, riien 
too we* must get the power user to know, or be able to estimate 
closelv, the amount of power really required and used. They 
frequently say,—I have five horse power running ten hours a 
—and you will estimate ou that basis as to what the cost of 
the power would he ; then when you take other instances where 
the same size of motor is in similar use,—you lind that the cost 
of power is perhaps one-third or one-lialf of your previous esti¬ 
mate. In other words, people have excessive ideas as to the 
amount of power they require, and we should liave some way of 
reducing those ideas; for instance, by seeing tliat the makers^ of 
machines and tools, the makers of planers, drills, printing 
presses, etc., know the power required hy the machines they 
sell. I have known very few machine buildei's, in my own ex¬ 
perience, to give to users and buyers of their tools any estimate 
of the amount of power required. I do know that makers of 
apparatus for coffee roasting and handling do give estimates, 
and they are the only people who do that. It seems to me that 
one good way to secure a larger use of electric motors generally, 
and particularly direct-connected motors, would be to convince 
not only the owner directly but also the makers of the tools, as 
to the economy and other great advantages of their use. 
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Another man to convince is the laborer—the man at the ma¬ 
chine. That they appreciate the motors is, I think, very clearly 
shown by Mr. Dunn’s statement that the sick list at the Govern¬ 
ment Printing Office was reduced by forty per cent. It is also 
clearly shown by Mr. HilPs remarks on the unsatisfactory re¬ 
sults secured by certain motors at the American Book Company. 
Now I think you will at once grant that if the man who uses the 
machine— the^ laborer—can be convinced that the direct-con¬ 
nected motor is the best thing for him to use, we have an im¬ 
portant helper. 

To summarize—as I said at the beginning, we electrical people 
are in favor of all electric motors; but we must convince three 
people of their advantages—the owner of the works, the laborer, 
and the maker of tools. I think that we need bear this in mind 
in all our dealings in connection with the subject. 

Me. Oberlin Swith :—I should like to hear from some of my 
electrical friends who understand designing motors as to what 
the limitations of speed are ; why a motor cannot be made to run 
10 ,000, just as well as any other speed—if we keep within the 
limits of damage by centrifugal force. 

In regard to possible spindle motors; of course they must be 
without commutators probably induction motors with two or 
three-phase alternating currents. I do not myself know any ab¬ 
solute bar to motors excepting their high cost and possibly the 
weight, too great weight of the armatures. If that could be re¬ 
duced so as not to be objectionable it seems to me the only real 
reason against them, is the cost, which probably micrht always be 
prohibitory—but who knows ? 

Me. Arthue Willi aims :—Referring to the use of direct-con¬ 
nected motors on small machines, I might mention that a short 
time ago we heard of the experimental application of three- 
phase motors to the spindles of a mill in Scotland with 
satisfactory results Yery high speeds are obtainable and that 
system permits the necessary instantaneous stoppage and re¬ 
versal of the machines. We saw, also, while in Berlin last sum¬ 
mer, a buzz-saw having a speed of about 4,000 revolutions a 
minute, driven by an armature directly attached to a short ex- 
tension of the shaft on which the saw“ revolved. A planer re¬ 
ceived its power in the same manner, and all of the wood-work¬ 
ing machines of_ the shop were operated bv motors directly at- 
attached to their parts. The enormous works of the AlIo*e- 
meine company of Berlin are equipped entirely wRh 
direct-connected machines and tools. The flexibility of this sys¬ 
tem permits the most convenient and efficient arrangement of 
the machines ; every part of the floor, there being neither shafts 
nor belts to obstruct the vision, is directly within range of the 
supeimtendent s office, and the conditions otherwise are most 
c^ductive to health, cleanliness and the comfort of the employees 
ihe power supply is one of the smallest items of shop expense* 
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while labor is one of the largest, and anything that increases the 
efficiency, or reduces the cost of labor, is worthy the most care- 
ful consideration. 

The New York Edison company, feeling that this subject 
should be brought before the public, its users of power, is ar¬ 
ranging to issue a second circular, written by Mr. Powers, 
who is considered one of the best advertising writers in the 
country. Illustrating what I mean between the difference in a 
saving in the cost of power, the small expense, and of labor, the 
large expense, I might mention an incident that occurred in the 
experience of Mr. Powers, of which he told me. He was writ¬ 
ing for one of the oil companies, the manager of which to 
that time had simply emphasized the saving in the annual oil 
bills resulting from use of his oil. Mr. Powers recognized that 
this was a pretty small item and felt that alone it did not justify 
the same attention from the busy man at the top that the oil 
man perhaps thought it should have ; he wondered whether the 
oil, being of higher efficiency, did not also save largely on fuel, 
depreciation, repairs, etc., and he found it did. In one instance, 
on one of the large railroad systems of England, where first tried 
experimentally, the saving in fuel, as one of the items, was 
so considerable that the allowed engine supply of coal could not 
be consumed, and I think this item alone came to more than the 
entire cost of oil. 

We had a customer here who in order to meet a sudden demand 
for his goods was compelled to consider the rental of three 
additional lofts giving each a complete equipment of sewing ma¬ 
chines—previously a single floor, with foot power, being sufficient. 
He was advised to try an electric motor, being assured that with 
steadiness of operation and higher speed the output would be 
largely increased, and this was true to such an extent that the 
addition of the motor gave the plant sufficient capacity for all re¬ 
quirements and no further changes required. The electric power 
cost about $40 a month,—less than a single operator received. 

But to get back to the point i really want to emphasize : 
There are several large firms or corporations in Europe devoting 
themselves entirely to the manufacture of combined machine 
tools and motors, with the result that this complete apparatus is 
quickly available. iSince our return we have been impressed bv 
what seems a lack of co-operation between the motor and the 
tool manufacturers, making it possible to secure such apparatus, 
if at all,only after considerable delay. This was our own recent 
experience in purchasing some lathes and pipe cutters with 
motors directly attached. All desire of course that every branch 
of our profession shall be brought to the highest state of effi¬ 
ciency, and it seems that here is a great opportunity, but the 
manufacturers must get together. If they do not, the tool makers 
will be forced to manufacture motors, or the motor manufac¬ 
turers to make tools. 
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As to tlie saving to the user, there seems no possible room for 
doubt. We are recommending generally the adoption of direct 
connected motors, bnt have not as yet quite decided as to hovr 
far down we should go in regard to size. It would seem econom¬ 
ical to put a motor, directly attached, on any machine requiring 
more than onedialf h. p., and on printing presses and paper cut¬ 
ters and any other machinery using intermittent serwice*. 
The desirability of attaching motors to sewing machines and the 
like is probably questionable, as the labor necessary for tlieir 
maintenance must increase, and this might become a very im¬ 
portant item of expense. For a number of sewing or other 
small machines some subdivision is undoubtedly desirable and 
economical, as every factory has its dull seasons and the discon¬ 
tinuance of sections at such times would undoubtedly result im 
considerable saving. 

Perhaps the advantages of the direct application of power are 
nowhere shown so much as iu electric elevators. About 14,QQO 
H. p. are now supplied in New York at an annual cost of ap¬ 
proximately $L8 per h. p. installed; the car mile costs vary from 
14c. to 18c., in comparison with from 36c. in winter to 50c. or 
60c. in summer as fair average costs of the hydraulic system^ I 
speak only of the system which employs an electric motor 
directly driving the winding drum or screw, and not the electrie 
pumping system, which continues in the hydraulic link all of the 
disadvantages of that system, other than^the continuous supply 
of the central station, without any saving in the costs. 

Permit me, Mr. President, to again emphasize the need whici 
seems to exist in New York of that greater co-operation between 
manufacturers of motors and of machine tools. 

Mr. Gteoroe Hill :—1 think it is generally the fact that in 
any given plant the engine which will be placed in coimeetion 
with the dvmamo will be a higher grade engine, more econom¬ 
ical in its water consumption and better able to do the work ami 
give a longer life than the engine which is ordinarily placed in 
connection with the shafting or belting. So far as my exper¬ 
ience goes there is no comparison at all between the cost of 
maintenance of an electrically operated plant and a belt-driven 
plant, the belt-driven plant costing so very much more. 

In regard to the illustration wliich I gave of the American 
Hook Company in regard to the Smyth sewing machine, the^e^ 
was both satisfaction and dissatisfaction. In regard to the 
presses we found some of the operators intent on wrecking the 
machine. One of them I had to argue with forcibly to stop it.. 
In regard to certain of the other machines, and some of the 
more intricate machines, we found the operators not only under¬ 
stood, but were very much in love with them. One of tlieir most 
expensive machines stayed idle for three months until the mau 
that was intended to operate it was discharged and a new man 
put in. Every time the old man undertook to run the machih^ 
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lie tried to wreck it and there was no arguing with him, no way 
of persuading him to operate that machine properly. After 
lie was discharged there was no trouble. Uhat comes back to the 
personal equation whicli exists in every plant. 

Very few engineers realize the enormous percentage of loss in 
"tlie transmission of relatively small powers by belting, due to 
excessive friction in bearings caused by having the belts too 
fight. As an illustration 1 had recently in one of our ])ower 
^buildings, where each one of the tenants is metered, one who 
liad a five horse power motor belted np to a singje shaft which 
Tan down through the center of the floor operating his various 
machines, and his current hill showed that lie was using 40 horse 
power hours a day right along. His machines evidently did not 
require anything like so much power, so he disputed the liill. 
I put an ammeter on the motor circuit and measured the jiower 
consumption throughout the various transformations, and found 
f hat the work was the smallest item—I think about three-ijuarters 
of a horse power; all the rest was due to stnpid connecting up. 
His belts were so tight that by slacking the motor back on the 
;stand a little and decreasing the belt tension we took off one 
Ihorse power. Those are things which are personal, wliicli are 
mot inherent in the machine at all, and unless looked for and 
guarded against will interfere with good results. ^ It may be said 
that they are inherent in any belting work since in all such work 
nobody knows the amount of power that is being consumed, nor 
:can anyone make any proper estimate of it from looking over the 
shop, and it is only when we use a motor and an ammeter in 
the motor circuit that we actually know what we are doing. 

Me. Jesse M. Smith:— It seems to me that the key note of 
this whole question of electric transmission is that the electric 
motor is more convenient, more flexible and more directly ap¬ 
plicable than any other form of power transmission. The question 
of economy in friction between the cylinder of the slow speed 
Corliss engine and the tools that are driven at the otlier end, 
whether by shafting or by electrical transmission, is a mere trifle 
in favor of electricity; it may amount to 3, 4-, 10 per cent., but 
rarely more than *10 per cent. From the point of view of 
•saving in friction, there is nothing in it; that is when all the tools 
are in operation. In scarcely any factory, (not even a textile 
factory, and certainly not in any machine shop,) are one-third of 
fhe tools in operation at any one time. It may seem extraordin- 
jary to make the statement that in a textile factory for instance 
there is a loss of time at the machines, but such a loss exists, and 
the economy of electric transmission is due to the motors being 
stop|)ed when the machines stop. Where line sliafting is used 
it has to be running all the time; it has to be made strong 
•enough to supply the maximum demand but generally supplies 
much less. I liad occasion only recently to go over the question 
of transmission in a very large manufacturing establishment 
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where the buildings were scattered over a large territory, and 
where the machines wei-e driven by line shafting and belting. The 
question was whether it was desirable to throw out the shafting 
and belts and go to electric transmission. I figured it over quite 
carefully and found a saving of just about 10 per cent, in the 
amount of friction. The parties told me that nearly all the 
tools ran constantly, that the line shafts must always be running and 
that the tools themselves, while not all being constantly in use, 
must be always ready for use. The question of electric transmis¬ 
sion in this case, so far as the saving in friction was concerned, was 
practically not worth the expense of the change. The whole 
question comes back, as I said before, to the convenience and 
elasticity of electric transmission, and my idea is that an indi¬ 
vidual electric motor should be placed on every machine. The 
limit to which it can be carried downward, is simply a ques¬ 
tion of dollars and cents—how cheap a motor can you get to do 
the work As the gentleman who last spoke said, there is a dif¬ 
ference between the machine builder and the motor builder;— 
they must get together, and if they do not get together there 
will be trouble. The machine builders are already beginning to 
build motors. My idea is, that very soon every company build¬ 
ing machine tools will build its electric motors in its own factory, 
and will buihl them as simply and as cheaply as it now builds 
macbiiie tools. When that time comes, we will see the smaller 
tools supplied witli smaller motors, and there is no telling where 
the limit may be. We may even see Mr. Oberlin Smith’s idea re¬ 
alized,—eacli individual spindle moved by an electric motor. Mr. 
Smith toucliod upon a very important point which I should like 
to see brought out more fully. We have not heard to-night 
whether the current for these motors is direct or alternating. 
Alternating seems to be the craze just now, and if there is any¬ 
body that knows anything about alternating motors—I do not— 
I would like to bear something about tliem. 

Mr. OuKiiLiK Smith: —My experience with driving presses, 
etc., has nsually been with a direct current—110 volts and 220 
volts, so far. I think one reason for the prejudice, if there be 
such, against alternating currents is on the same order as the 
feeling that one must not ^rinonkey with a buzz saw;” people 
do not want to handle the high potential alternating currents 
usually found on the market. 

Mr. W ii.liams :—Mr. President, would you allow an additional 
word as to losses? As I left the office this afternoon, one of our 
engineers handed me a statement as to losses on shafting running 
on the local system. The percentages vary as follows: 4-3^, 
2lfo, 43 ^, C>6fo, Gl%. Wo, Wo. Wo. Wo. Wo. Wo. Wo. Wo. 
2dfo, 18fo. We have found shaft loss variations from 6% to 
and in some instances still higher. 

The President: —How are those measured, Mr. Williams? 
Is that with a full load on—all the tools working? 
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Me. Ti iLLiAMS:—At maximum and average load; these lig- 
ures show the shaft losses on average loads. 

Me. GeorctE Hill:— While we are on that point I wish to 
state that I have taken a great many indicator cards from 
engines under^ ordinary working conditions, taking not a single 
card but continuous cards, running over a period of from a 
couple of hours to three or four days, and then afterwards I 
have indicated the engines when the shaft and transmitting belt¬ 
ing alone was on and the work all thrown off, and I have never 
found a case in which the friction losses were less than 50 per 
cent, of the average load, and I should not believe, unless it was 
backed up by voluminous figures, that there are any cases of any 
size in which the shaft losses were as low as 10 per cent, of the 
average load. I should want to see the most careful and com¬ 
plete figures and knovv all of the facts bearing on them. I have 
a great many observations given to me by my friends of similar 
plants, and I find in no case ^does the loss drop below 30 per 
cent, except here and there, in isolated cases, where there are 
special conditions, and in ordinary practice such as we meet here 
in JNew 1 ork in buildings, the losses are certainly very much 
greater than 30 per cent. In regard to a high speed motor I 
would like to state^that I have seen a generator which was de¬ 
signed to run at 5,000 revolutions per minute, and almost the 
heaviest parts of that generator were the two rings which were 
used to keep the commutator bars on. The commutator 
was about four inches in diameter and these rings, as I 
recall them were about four inches internal diamete? and five 
and one-half inches external diameter and about three-quarters 

of fl.-n TTiAh ^ 


_ Mr. Hamb^t:— Mr President, ! hare been mucli interested 
m this discussion, and I have an idea that many of the gentle- 
men present feel as I do, and that is that they would like to hear 
an expression from yourself, sir, in regard to the discussion. 

iHE President : The subject under dicussion is of great im¬ 
portance not only to ourselves as a body, but to the manufactur¬ 
ing community at large The position of the United States 
among the nations of the world as a manufacturing country 
depends upon the mechanical facilities possessed for manufactu^ 
mg on a large scale, and upon the average intelligence of the 
himself of those facilities. For this reason 
all that facilitates and accelerates the operations of tools is 
directly advantageous to manufacturing and commercial ascen¬ 
dency. Just as n other departments of electricaTrppLtions 
It is not merely the saving in first cost which is effected by elec¬ 
trical methods of distribution, but the pliability and convenience 
of electric methods which has won for them success. It is the 

Sdt?eTxMitv convenience 

and the fiexibility of the wire or wires which supply it that 

makes the electric subdivision of power so valuable^adjunct 
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in manufactories, and it may well happen, as has been pointed 
out this evening, that wliere there is no seeming advantage in 
economy by the subdivision of electric motive power, a great 
advantage may accrue in convenience and facility of operation^ 
and^the increased output thereby promoted. 

[Adjourned.] 


DIED. 

Sheble :—At Philadelphia, April 20th, 1899, Franklin Sheble, late of the firm 
of Sheble and Patton, of Philadelphia, and representative of the Stanley 
Electric Company, at 71 Broadway, I7ew York. Mr. Sheble was born 
in Philadelphia, April 10th, 1866, and was educated at the Philadelphia 
Central High School, the University of Pennsylvania and Cornell Uni¬ 
versity. After about six years experience with the Q-eneral Electric 
Company, at Lynn and Schenectady, he formed a partnership with Mr. 
Price I. Patton, as electrical engineer and contractor, and was more 
recently identified with the Stanley Electric Co., at the New York office. 
Mr. Sheble was elected an associate member of the Institute October 
21st, 1890, and transferred to membership December 18th, 1895. 
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New York, May 16tli, 1899. 

The Sixteenth Annual Meeting of the Institute was held this 
date at 3 2 West 81st St., and was called to order by President 
Kennelly, at 8.10 P. M. 

The Pkesident:— The Secretary will read the announcements,. 
The Seoretaky : — At the meeting of the Executive Committee 
this afternoon, the following Associate Members were elected. 

Bo(jen, Louis E. Instructor in Physics, University of Thos. French, Jr,^ 
Cincinnati ; residence, 547 Hale H. S. Rodgers. 
Avo., Avondale. Cincinnati, 0. T. J. Creaghead. 

Bonyn<je, Paul Attorney and Counsellor at Law Sam’l Sheldon. 

with AlinctR. Latson ; residence, A. W. Berresford. 
104 Berkeley Place, B’klyn,N.Y. Aug. Tread well, Jr 

Bowman, Joseph H. Material Agent, Perrocarvil de Louis Duncan. 

Lilia, al Pac, Chihuahua, Mexico. H. S. Hering. 

R. W. Pope. 

Brown, Ellis Euoene Electrician Mining Dep’t. Del. H. B, Smith. 

Lack. & Wn. R. R,, Kingston, PI. J. Ryan. 

Pa. W.E.G-oldsborouglii 

Chappell, Walter E. Electrician, on U. S. S. Chicago, Townsend Wolcott 
U. S. Navy, Washington, D. C.; J. Martin, 
residence, Barnesville, 0. F. 0. Caldwell. 

IIerdt, Louis A. Lecturer in Electrical Engineering K. B. Owens. 

McGill University, Montreal, A. E. Kennelly.* 
Canada. ’ R. W. Pope: 

Johnson, Albert C. Superintendent and Electrician, H. C. Eddy, 
Electric Light & Water Works, R. W. Pope. 

Box 7, Wilhnar, Minn. W. J. Hammer* 

Johnston, Tiios. J. Counsel in Patent Matters, General Elihu Thomson. 

Electric Co., Schenectady, N. V. 0. P. Steinmetz. 

E. M. Hewlett* ♦ 

Kelly, John F. The Stanley Electric Co., Pittsfield, E. J. Houston, 

Mass. R. W. Pope. 

A. E. Kennelly.. 
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Knox, Chas. Edwin With C. 0. Mailloux, Consulting C. 0. Mailloux. 

Electrical Engineer, 150 Nassau W. D. Weaver.' 

St.; residence 108 W. 122nd St., Gano S. Dunn.* 
New York. N. Y. , 

Macartney John F. Managing Director. Macartney, C. G. Goldmark. 

McElroy &; Co. L’t’d. 58 Victoria Prank Bourne 
St., London, Eng. E. T. BirdsalL* 

McCarter, Egbert D. Jr. Electrical Engineer, The C. P. Steiiimetz. 

General Electric Co., 205 Union E. J. Berg. 

Street, Schenectady, N. Y. Eskil Berg'. 

McClenathen, Robert Division Superintendent, Electric Edw. L. Nichols. 

Train Bulletin Co., Box 476 Fred’k. Bedell 
Ithaca, N. Y. Ernest'Merritt! 

Middleton, A. Center Electrical Tester, General Elec- S. Dana Greene. 

trie Co., Box 253 Schenectady, A. L. Rohrer. 

Gano S. Dunn. 

Mullin, E. H. General Electric Co., 44Broad St.; Thos. A. Edison. 

residence, 188 Columbus Ave., S. Dana Greene 
New York. T. C. Martin. 

Basisey, Harry Nathan Wire Chief, 79th St. and Co- U. N. Bethell. 

lumbus Exchanges. New York H. J. Ryan. 
Telephone Co.; residence, 1062 Fred’k. Bedell. 
Lexington Ave, New York City. 

Bobinson, Geo. P. Special Agent. The Wisconsin C. F. Burgess 

Telephone Co., Milwaukee, Wis. D. C. Jackson! 

M. C. Beebe. 

SCHOOLFIELD, Frank Robert Draughtsman, Hodges & Chas. K. Stearns 
Harnngtoii,60 State St., Boston; Edw. C Clement 
residence, 10 Clifton St., West C. B. Graves 
Somerville, Mass. 

Sturdevant, Chas, Ralph Assistant Professor of Elec- C. S. Reno. 

trical P]ngineering, Kentucky H. H. Hornsby 
State College, Lexington, Ky. W.E.Goldsborou^h 
Wetting, S. E. Assistant in Electrical DepT. C. A. Adams, Jr 

Harvard University; residence, Gifford LeClear. ’ 

11 Ware Sr., Cambridge, Mass. R. W. Pope 
Total 20. ^ 

The following associate members were transferred to full 
membership: 

Approved by Board of Examiners, April 13th, 1899. 

Kardner, Henry Ackley Borough of Manhattan Electric Co., 33 Gold St 

New York City. 

Kennelly, Arthur E. El^trical Engineer, Firm of Houston & *Kennelly 

Philadelphia. ' 



The Yolta Centenary. 

The President :—Before taking up tlie business of the even¬ 
ing, I crave your attention for a few moments upon a 
somewhat different topic. Amid the rapid development of elec¬ 
trical engineering sciences and the kindred arts, which are be¬ 
coming more potent and useful every day, it is occasionally 
■desirable to stop and look backward for the purpose of tracing 
the distance which has already been traversed and for the pur¬ 
pose of marking and counting the difficulties that have been 
passed. Such a retrospect fills one with gratitude to the past, 
and with confidence for the future. A very notable century 
mark was passed just one hundred years ago by the discovery of 
-the chemical source of electric energy by Alessandro Volta, pro¬ 
fessor of physics in the University of Pavia. That discovery 
was the result of a long series of researches made by Yolta in the 
unwavering belief of his guiding principle that electrification at¬ 
tended the contact of dissimilar materials, and that proposition, 
under some limitation, has withstood every assault which during 
a century has been brought against it. Yolta did more. 
He gave to us the first plate condenser, the first absolute elec¬ 
trometer and the first electrophorus ; but the column upon which 
his fame must principally rest is the bimetallic pile first erected 
by his own hands—the voltaic pile which made the electric tele¬ 
graph first possible. ITapoleon Bonaparte, ever keen to recog¬ 
nize greatness in the great, marked him with favor and regard, 
and Volta lived long to fill the full measure of a great and noble 
life. YTe understand that but yesterday an exhibition opened at 
his birthplace at Como, on the shore of the beautiful lake of that 
name, to commemorate the centennial anniversary of that dis- 
coveiy, to place a wreath upon the pedestal of his statue and 
to mai’k a wide world’s recognition of a world-wide renown. 
This IisrsTiTHTE has taken no formal pai't in those proceedings 5 
but as long as we have volts impressed upon our circuits, so long 
shall we testify to our recognition of Yolta’s fame in our language, 
in our thoughts and in our work. 


The President appointed Ealph W. Pope and A. A. Knudson 
tellers, and they proceeded to count the ballots sent in by the 
members. 

The following annual reports' of the Council and Treasurer 
were submitted and received. 
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AMERICAiSl INSTITUTE OF ELECTRICAL ENGINEERS. 


Report of Council for the Year Ending April 29th, 1S99, 

New York, May 16, 1899. 

As required by the Constitution, the Council submits herewith for the 
information of the membership a report of its work, also its financial stand¬ 
ing at the close of the fiscal year, April 29 th, 1899 . 

Two meetings of Council, and ten of the Executive Committee have been 
held, one during each calendar month. 

The work of the Committee on Standardization was sufficiently advanced 
early in the year to permit of the printing of a preliminary report in the 
May issue of the Transactions, and it was brought before the General 
Meeting at Omaha for discussion. Owing to the unfortunate loss of the 
stenographer’s notes, it became impossible to reproduce the discussion, but 
the work of revision has been faithfully pursued by the Committee, and it 
is now practically completed, although not in time to be incorporated in 
the annual volume for i 8 gS. 

In his inaugural address at the Omaha meeting, the President outlined a 
plan, by which the Institute might secure the co-oueration of the various 
college laboratories throughout the country m pursuing a systematic course 
of electrical research. To further this work, the Council made an appro¬ 
priation of § 50 . and the following committee was appointed to prepare sug¬ 
gestions : 

DR. A. E. KENNELLY, Chairman. 

Prof. W. A. ANTHONY, Dr. SAMUEL SHELDON, 

Dr. FRANCIS B. CROCKER, CHAS. P. STEINMETZ, 

Dr. CARY T. HUTCHINSON, Prof. ELIHU THOMSON. 


This committee in November last prepared a circular which was sent to 
all electrical engineenng departments of American colleges ; submitting 
the following list of proposed investigations. 


(r) The effect of sustained high temperature upon the insulation resist¬ 
ance of dielectrics. 

( 2 ) The influence of sustained high temperature upon the dielectric 
strength of insulating materials. 

( 3 ) The influence of sustained high temperature upon the hysteretic co- 
emcient ot commercial iron. 

( 4 ) The influence of chemical impurities in iron or steel, upon the hvs- 

teretic coefficient ^ 

( 5 ) The hysteretic coefficient of magnetic alloys. 

( 6 ) The temperature coefficient of lesistivity in commercial copper wires. 

( 7 ) he temperature coefficient ot resistivity in commercial aluminium 
wire. 

of resistivity in alloys commercially em- 
ployed (It IS desirable to include analysis of the alloys tested as well as. 
meir physical properties). 

tempeTature'^^^*^ conductivity obtainable in copper wire at any standard 

highest conductivity obtainable in aluminium wires at any 
standard temperatuie ^ 

dielectric losses between parallel copper wires main- 
tamed at high e m. f. ; (,) alternating and (2) continuous into comnonent 

parts, such as chemical, electrical and mechanical. • ’ ^ 

street! of dfetectrics.^ alternating e. m. f. upon the dielectric- 
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( 13 ) The influence of wave form of alternating e. m. f. upon the sparking 
distance between needle points in air. 

( 14 ) The influence of the room temperature upon the temperature eleva¬ 
tion of dynarno machines under a given load, as computed from their 
increase in resistance under load. (Sec. 32 . Preliminary Report of Standard¬ 
izing Committee to Amer. Institute of Eiec Engrs. June, 1898 .) 

( 15 ) The distribution of temperature elevation in field coils of dynamO' 
machines as dependent upon their form and dimensions. 

( 16 ) The relations between the ‘*load loss” and “ short-circuit core loss*’ 
of an alternator. (This has reference to Par. i 6 d, A. I, E. E. Preliminary 
Report on Standardization, June, t8qS). 

( 17 ) The counter-E. f. of electrolytic deposition cells at poten¬ 
tial differences ranging between the maximum polarization voltage and 
zero. 

(r 8 ) The seat of the increased counter e. m. f. in storage cells during 
rapid discharge. ^ 

( 19 ) The magnetic properties of allovs containing iron, nickel and cobalt. 

( 20 ) The magnetic retentivity of powerfully twisted iron and steel wires 

or of magnets composed of such twisted wires. " 

^ ( 21 ) The permeability of magnetic materials at low values of magnetizing 

( 22 ) The dielectric strength of different substances employed for in¬ 
sulating at different frequencies of alternation. 

^ ( 23 ) The influence of very high frequencies of alternation upon the spark¬ 
ing distance between needle points in air. (The highest attainable fre¬ 
quencies preferred) 

( 24 ) The dielectric strength of vapors of different substances. 

( 25 ) Influence of wave form upon efficiency of converters. (The so-called 
rotary converters). 

( 26 ) The influence of magnetic field upon electrolytically deposited bis¬ 
muth. 

( 27 ) The conditions giving rise to sparking at commutators. 

Of these subjects, the following numbers have been taken up at different 
colleges Nos. i, 2 , 3 , 4 5 , 7 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 25 , 26 , 
and 27 . The plan has met with the general approval of those members 
of the Institute who are in charge of electrical laboratories in univ’ersities 
and colleges. 

It is hoped that members of the Institute encountering problems in 
practical work which are worthy of investigation, but for w^hich they have 
neither time nor facilities, will submit additional^ problems which will in¬ 
crease the importance of this work. 

At a meeting of the committee of the National Board of Fire Under¬ 
writers at Chicago, January 9 th, the Institute was represented by Richard 
H. Pierce of Chicago. 

In view of the accumulating balance in the bank account at the Mercan¬ 
tile Bank, and the fact that a charge is now' made for the collection of a 
large proportion of out-of-town checks, the Council has authorized the es¬ 
tablishment of a reserve fund in an approved Trust Company which will' 
draw two per cent interest. A sufficient income will, it is believed be real¬ 
ized to cover the extra cost of collection of checks, especially as the rule of 
the banks has been somewhat modified 
Owing to the removal of Prof. W. M. Stine, Local Honorary Secretary 
from Chicago, it became necessary to appoint a successor, and as Mr. R. 
H. Pierce of th.at city appeared to be the choice of the larger portion of the 
members he was appointed accordingly. 

^ The Council ha.s named the following local honorary secretaries in addi¬ 
tion to previous appointments. 
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H. F. PARSHALL, London, for Great Britain. 

JAS. S. FITZMAURICE. Sydney, for Australasia. 

PROF. ROBERT B. OWENS, Montreal, for Dominion of Canada. 

At the meeting of Council, March 22 d, it was voted that the next Genera^ 
Meeting of the Institute be held at Boston Mass. 

The total membership at the close of last year’s report was 1098 , classi¬ 
fied as follows : 

Honorary Members . 2 

Members. 252 

Associate Members . 744 

.*. 1098 

'Re.stored to Membership . i 

Associate Members elected May 1st, 1898, to April 29th, 1899... 103 

“ '* “ previous year and since qualified. 10 

Total...,,. 1212 

Resignations have been received during the year and accepted 
-from the following in good standing: 


Members : 

JAMES D. BISHOP, JOHN E. DAVIES, 

FRED. A. BOWMAN, AUGUSTINE R. EVEREST. 

EDWARD D. BROWN, CHARLES WIRT. 


Associate Members : 


\VM. J, A. BLISS, 

DAVID I. CARSON, 

J. W. CREWS, 

DARRAGH deLANCEY, 
KARL LENZ, 

JOSEPH T. MONELL, 

GEORGE 


CHARLES T. MOSMAN, 
ALBERT L. PARCELLE, 
LOUIS C. RALSTON, 
JOHN C. SHEDD 
EDWARD A. WAGNER, 
H. FRANKLIN WATTS, 
:. WENDLE. 


Total Resignations. 

There have been the following deaths during the year : 

Members : 

CHARLES E. EMERY, FRANKLIN SHEBLE, 


Associate Members, 

CLARENCE G. DAVENPORT, CLARENCE P. GOTT, 
FREDERICK H. SMITH. 

Total deaths. 2 

Dropped as delinquent... 29 

Elected but not J et qualified.. . i5 


Leaving a total membership of 1133 on April agth, (a net gain of 35), clas¬ 
sified as follows: 

Honorary Members. 

Members..... 

Associate Member.s. 


”33 


3^3 

768 


”33 

A list of the members elected during the year accompanies this report. 
'The names have already appeared in the Transactions. 

The reports of the Secretary and of the Treasurer show in detail the 
financial standing of the Institute at the close of the fiscal year, together 
'With an itemized statement of receipts and disbursements during the entire 
■year : 
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SECRETARY’S BALANCE SHEET 


For the Fiscal Year Ending April 29, 1899. 

Dr, 

Balance from previous year .... $ ^21 40 By cash to Treasurer. 

Receipts for the year. 11,487.96 Cash oia hand,. 

$11,709.36 j 


Cr. 

$11,075.00 

• 634 ^ 3 ^ ’ 

$11,709.36 


ITEMIZED STATEMENT OF RECEIPTS AND DISBURSEMENTS 
OF THE INSTITUTE. 


For Fiscal Year Ending April 29, 1899. 
General Account. 


Receipts > 

Treasurer’s balance from previous year$i,453 cp 


Secretary’s “ “ ‘ '• 221 40 

Entrance Fees. 480 00 

Life Membership fees (W. F. B. 
Roquette, S. E. Doane, H. Ward 

Leonard).. 300 00 

Past Due?. 962 or 

Current Dues. 8,590 91 

Advance Dues. 85 00 

Stenography and Typewriting. 20 67 

Transactions Sold. 583 67 

Transactions Subscriptions. 264 25 

Advertising. 13S 50 

Received for Binding. 4x00 

“ “ Congress Book. 22 95 

“ Reprints Vol, 4. 2 00 



$13,162 45 


Disbzirse7nefi ts . 


Revenue Tax. 

$24 00 
5<5 

Hank Exchanire. 

Mtscel aneous. 

Chicago Meetings. 

LibraIV. 

Ice. 

19 00 
2 50 

Laundry. 

26 55 

Office Expenses. 


“ Fixtures. 


Express. 

95 53 

Telegrams. 


Stenography and Typewriting.. 
Stationery and Miscellaneous Printing 
Postage. 

734 25 
329 39 

Messenger Service. 

450 87 

6 25 

Salary Account. 

Meeting Expenses. 

Rent Office and Auditorium. 

Engraving and Electrot} ping. 

Binding. 

2».5®o 00 
188 40 
1*125 00 
431 38 

231 07 

2>^SS 38 

8 90 

7 50 
800 00 

634 36 

2*664 46' 

Publishing 'IVansactions_ 

Co-operative Research.. .. 
Engrossing. 

Compounded Membership Fund 
Secretary’s Balance to next year 
Treasurer’s Balance to next year 


Total, $i3,j6a 45 


Dr. 


Commercial Department. 


To balance from previous year. $185.50 

Sales to May 1st. 517,33 


P^id for Badges, back volumes, etc., 

“ “ Engraving Names. 

Badges on Hand. 

Bills Receivable. 

Cash on Hand. 


Cr. 

1293*06 

19 . 4 * 

85.00 

16.00 

289.29 


All outstanding bills against the Institute were paid in full, April 27th. 

There is due the Institute and probably cohectible...' qq 

The amounts mentioned as probably collectible in the last two annual 
reports have been verified by the results, and during the past year the 
amount collected exceeded the estimate by $202. The total receipts for 
the past year exceeded the previous year by $2,460.95, while the expenses 
were $27.05 more, showing a net financial gain of $2,433.90, of which $800 
was transferied to the compounded membership fund. 

Property on hand according to inventory, May i, 1899. 
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Office Furnituie and Fittings 
Catalogue Type, Cases, etc.. 

Transactions on hand. 

Congress Rooks . 

Library. 


TOTAL NET ASSETS. 

Treasurer’s total Cash Balance. 

Secretary’s “ ‘ . 

Commercial Fund Stock and Cash. 

Property as per Inventory. 


,. $ 348.05 
, 2:0.41 

. 3:253-oo 
. 666.00 

, 200.00 

1,4,677.46 

$5,068.38 
634.36 
390 29 
4,677.46 

$10,770.49 


Respectfully submitted for (lie Council, 

RALPH W. POPE, 

Secretary. 


TREASURER’S REPORT. 

From Arril 30, 1898, to May i, 1899. 

George A. Hamilton, Treasurer, in account with 

American Institute of Electrical Engineers, 


Dr. 

Balance fioin April 30, 1898. $ 1,453 ^ 

Received from Secretary, April 30, 1898, to May i, 1899. ii |075 00 $12,528 09 


Cr. 

Payments from May i, 1898, on wairants from Secretary as 
approved by Council or Executive Committee, Nos. 997 to 

1,104 inclusive. $9*863 63 

Balance to new account. 2,664 46 $12,52809 


BUILDING FUND. 
(Mercantile 'J’rust Co.) 


Balance as per last report. $850 00 

Intere.st accrued to May i, 1899. 140 48 $ 99<3 4 ® 


COMPOUNDED MEMBERSHIP FUND. 


(State Trust Co.) 

Balance as per last report... $600 00 

From General Fund, Dec. 29, 1898... 500 00 

l.ife membership fees, H. Ward Leonard. W. F. B. Roquette 

and S. E. iJoane. 300 00 

Accrued Interest. 13 44 $1,4^3 44 


CASH BALANCES, MAY i, 1899. 

General Fund, Mercantile Bank... $2,664 46 

Building Fund, Mercantile Trust Co. 990 48 

Compounded Membership Fund, State Trust Co. 1,4x3 44 

$5,068 38 


The Secretary and Treasurer have been authorized by Council to estab¬ 
lish a Reserve Fund in an approv.ed trust company in order that a larger 
proportion of current funds may also draw interest at 2 per cent. 

GEORGE A. HAMILTON, 

Treasurer. 
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The tellers subsequently presented the following report: 

New York, May 18 th, 1899 . 

To THE American Institute of Electrical Engineers, 

The following is the result obtained from counting the ballots opened at 
meeting May 16 th, 1899 : 


FOR PRESIDENT. 


Total Number of 'V 

Arthur E Kennelly. 306 

Charles P. Steinmetz. 3 

L. B. Stillwell. 3 

D. C. Jackson. 2 

T. A, Edison. 1 

T. D. Lockwood. 1 

Total. 


otes Cast. 321 . 


F. A. Piekernell. 1 

M. I. Pupin . 1 

II J. Arnold. 1 

ir. J. Kjmn .. 1 

E. L. Nichols.... 1 


321 


FOR VICE-PRESIDENTS. 

Total Number of Votes Cast.953 


J. W. Lieb, Jr. 304 

Chas. P. Scott. 304 

L. B. Stillwell . 802 

• B. J. Arnold. 7 

C. 0 . Mailloux. 6 

F. A. Piekernell. 6 

E. W. Rice, Jr. 4 

Ernest Merritt. 8 

R. D. Mershon. 2 

W. A. Anthony. 1 

R. N Bay] is. 1 

Frederick Bedell.. 1 


Total 


E. G. Bernard... .. 1 

F. B. Crocker. 1 

Gano S. Dunn. 1 

S. Dana Greene. 1 

Carl Bering. 1 

J. W. Plowell. 1 

D. C. Jackson. 1 

A. E. Kennelly. 1 

W. Maver, Jr. 1 

R. H. Pierce. 1 

H. J. Ryan . 1 

C. P. Stein metz. 1 

. 953 ■ 


FOR MANAGERS. 

Total Number of Votes Cast. 1278 . 


C. S. Bradley. .314 

W. D. Weaver. 311 

S. Dana Greene. 309 

C. 0 . Mailloux. 294 

W. S Barstow. 7 

A. V. Abbott. 7 

E. J. Berg. 4 

Louis Bell... 2 

Carl Bering. 2 

Alex Dow. 2 

B. J. Arnold. 1 

R. N. Baylis. 1 

Frederick Bedell. 1 

G. W. Blodgett. 1 

Douglas Burnett.. 1 

J. B. Caboon. 1 

F. J. Dommerque. 1 

8. D. Field. 1 


Total, 


W. J. Hammer. 1 

Caryl D. Haskins. 1 

A. S, Hibbard. 1 

A. E. Kennelly. 1 

John Langton. 1 

L. B. Marks. 1 

Wm. Maver, Jr.*.. i 

Ralph D. Mershon. 1 

F. A. C. Perrine. 1 

E. W. Rice, Jr. 1 

R. E. Richardson. 1 

W. Jj. Robb. 1 

C, P. Scott. 1 

L. Stieringer. 1 

0 . A, Terry.[ 1 

Edward Weston. 1 

J. G. White.; * 1 

A. J. Wurts. 1 

.. 1278 . 
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FOR TREASURER. 

Total Number of Votes Cast.321 

George A. Hamilton.321 j 

Total .321. 


FOR SECRETARY. 

Total Number of Votes Cast.321. 

R. W. Pope. 320 | Geo. T. Hanchett. 1 

Total...321. 

The total number of voting envelopes deposited was 348. Out of these, 
twelve did not bear the name of the voter on the outside envelope, and were 
therefore rejected. Other ballots were thrown out owing to the following in¬ 
formalities : Ballots were not enclosed in an inner envelope. Others had the 
name of the voter written upon them. After rejecting the above for non-com¬ 
pliance with the Constitution, there remained 331 ballots which were counted 
with the above result. 

Respectfully submitted, 

RALPH W. POPE, 

A. A. KNUDSON, 

J'ellers. 


The Proxy Committee reported the following list of proxies- 
held by the members named: 


R. W. Pope. 

Blank. 

George A. Hamilton 
Cary T. Hutchinson. 

C. P. Steinmetz. 

C. 0. Mailloux. 

T. C. Martin. 

Samuel Sheldon. 

W. B. Weaver. 

T. B. Lockwood_ 

F. A. Pickernell_ 


111 

11 

7 

7 

7 

2 

2 

3 

2 

1 

1 


Total. 158 

The following paper on “ The Multiple Unit System of Elec¬ 
tric Eailways ” was then read by Mr. Frank J. Sprague; 























A pa^er presented at the Sixteenth A^tmial Meet- 
ing' of the American Institute of Electrical 
Engineers, New York, May jbth, i8gg, Presi. 
de7it Kennelly in the Chair. 


THE MULTIPLE UNIT SYSTEM OF ELECTEIO 
EAILWAYS. 

BY FEAJSns: J. SPEAGTJE. 

In May, 1887, a contract was signed for installing in the city of 
Eichmond, Virginia, an electric railway which marked the active 
beginning of the modern development, for it proved to be the 
pioneer in most all the essentials of the present trolley system. 
It was not a long contract, but its terms were somewhat remark¬ 
able, being dictated by enthusiasm and self-confidence rather than 
by ordinary commercial rules. 

It provided that a system (existing then only on a blue-print, 
except that the general motor ideas had been experimentally de¬ 
veloped on the 34th street branch of the Manhattan Elevated 
Eailroad) should be installed in ninety days, on an unbuilt road 
eleven miles in length, with twenty-nine curves, straight grades 
as high as 8 per cent., and grades on curves equivalent to 12 per 
cent., embracing a central station of 300 h. p., and equipments 
for forty cars, and for this $120,000 in cash was to be paid if 
the system ^^was satisfactory to the railway company.'’^ 

The net loss to the Sprague Electric Eailway and Motor Com¬ 
pany on this contract was fully $100,000. The rest is history— 
the history of an unprecedented industrial development of such a 
character that every individual connected with the Eichmond road 
through all its vicissitudes may well take a personal pride in it. 

According to statistics published in the Strmt EoMway Journal 
in February, 1899, there, were in operation, by the close of 1898, in 
the United States alone, out of a total of 17,291 miles of electric, 
cable and horse car tracks, 15,672 miles with electrical equipment, 
comprising 36,429 motor ears and 7,914 trail ears. 

The capitalized liabilities of these electric roads were close on 
to $1,500,000,000. 
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SPEAQUE ON TUE MULTIPLE UNIT 


(Way 10, 


Ten years later^ in Maj^ 1897^ another contract was signed, 
this time individually, for replacing the operative steam equip¬ 
ment on the South Side Elevated Eailroad of Chicago by an 
electrical equipment on a new method, which, if successful, was 
destined to mark the abolition of steam and locomotive systems 
of any character on urban, interurban and suburban traflic, the 
next great field of electric railway development. 

This contract was something like the other. The commercial 
conditions were onerous, and the professional and financial risks 


were great, such as might well make at least the officials and 
engineers of the road gravel}^' hesitate, for the multiple unit sys¬ 
tem, absolutely untried in commercial practice, had to be reduced 
to practical operation on a scale of development and under con¬ 
ditions never before attempted in electric railroading even in 
Uiehmond. 

It may well be asked: What was the warrant—what the necessity 
'Of such a contract? The answer is based primarily on the fact 
that rapid transit is the science of competitive railroading, and 
if by wheeled vehicles, ultimately reduces to a question of the 
■proportion of weight upon the driving wheels. 

AH other matters entering into the question for any given mim 
and set of conditions, such as schedule speed, traffic capacity, 
‘extent of equipment, total investment, frequency of service, operat-' 
ing cost, and even safety and reliability of service, are incidental 
to ^ and directly or indirectly dependent upon the adhesion of the 
driving wheels of the vehicles to the track. 

The fastest possible car movement between stations can always, 
under equal conditions of equipment, load, grade and power sup¬ 
ply, be made by the vehicle which has the greatest percentage of 
weight on the drivers. 


Therefore definite theoretical and practical limits exist for rail- 
road schedule speeds under any given conditions, and the highest 
schedules in any case can only be made by a train system which 
preserves under all circumstances the specific characteristiea of a 
motor vehicle with 100 per cent, weight on the drivers. 

In the present stage of development of rapid transit systems for 
urban, suburban and interurban service, where stations are close 
together, traffic much congested morning and evening, and yard 
and terminal facilities limited and costly, high schedule speeds are 
absolutely essential. How shall they be had? 

There are three distinct and generic methods of railroad passen¬ 
ger transportation as follow; . J. - . 
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The single ear^ operating independently. 

The locomotive, pulling trail ears. 

The multiple unit system, or aggregation of transportation units, . 
each fully equipped, into trains, and provided with a secondary 
control. 

The first received its great impulse at Eichmond in 1887-8. Its 
history and characteristics, as illustrated by the tens of thousands 
of cars in daily operation, need no detailed description. 

Each car is a motor unit, with large effective driving weight, 
from 80 per cent, to 100 per cent., equipped with hand control, 
but incapable of aggregation into trains with localized control. 
This system broadly includes all modern street railways. 

The second is the locomotive system, following steam precedents, , 
and dictated by the limitations of steam engineering, in which there 
is concentrated in a single unit the weight and power necessary 
to handle a train under given conditions. This locomotive idea 
has taken two forms, one of which copies one or another of the 
many types of steam locomotives, with such modifications as are 
permissible with electric motors, but which, despite the remarkable 
general progress of electric railways, still finds comparatively few 
.applications in actual practice. 

Notable among these are the Baltimore and Ohio tunnel loco¬ 
motives in Baltimore, and the proposed equipment for the Central 
London Eailway. 

Among the earliest, if not the first, of the large locomotives is 
-one of 1,000 h. p. capacity, built by the writer and his associates 
for the North American Co. about seven years ago. 

Another form of the locomotive may be described as the locomo¬ 
tive car, which consists of a car body of the usual form, arranged 
to carry passengers, with one or both trucks equipped with motors, 
and hence with the weight distributed over a considerable distance, 
and with, as in the other case, hand control provided at either 
-end of the car. 

Such a one was experimented with' by the writer on the 34th 
street branch of the Manhattan elevated in 1886-7, where was 
used the first modern railway motor, and a special car was built 
about the same time which was to have had an equipment of two 
75 ir. p. motors on each truck. This was before the,days when 
the Eichmond road was built, and therefore before the modern ad¬ 
vance in electric railroading. This type of locomotive car was 
used on the Intramural Eailroad in Chicago during, the WorlTs 
Fair, and is- now in operation on the Metropolitan and Lake Street 
.Elevated Eailways in Chicago. 
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k modification of this locomotive ear plan has been more recently 
proposed;, which consists in putting a locomotive car at each end 
of the train, passing the main circuits through all the other ears, 
and providing duplicate hand controls at each end of each loco¬ 
motive car for the eight motors constituting their equipment. The 
system is absolutely untried, presents innumerable difficulties, and 
has about all of the defects of the locomotive system, but consti¬ 
tutes an acknowledgement of the necessity of greater weight on 
drivers and greater power for meeting the requirements of modern 
transportation. 

In matters of transportation, the passenger’s demand and the 
wishes of an operating manager are not always alike. The passen¬ 
ger requires for his convenience the most frequent time intervals, 
the shortest station waits, and the highest possible schedule speed. 
The railway manager is apt to concentrate loads, increase the time 
intervals, and let the passenger wait, but in so doing he may lose 
the passenger. With a locomotive car system this is the inevitable 
result, because otherwise the entire motive equipment would be 
kept in continuous operation at low economy and' at great ex¬ 
pense. 

All these methods—the single car, the locomotive, the locomo¬ 
tive car and the doubling up of locomotive ears—fall short of meet¬ 
ing the requirements of a flexible railway system to be operated 
on a high schedule. 

The single high-powered car, using all of its weight on the 
drivers, needs no commentary so far as ordinary application is 
concerned, but the methods proposed for the aggregation of ears, 
and the handling of trains through the medium of a locomotive 
or locomotive ear, or aggregation of hand-controlled locomotives 
occupying fixed positions, utterly ignore the possibilities of electric 
^Ppbeation, and the advantages manifest in every car operated 
on the street. In some form or other this has been recognized for 
a number of years, and it occurred to a number of engineers that, 
for increased adhesion and to provide more power with distributed 
weight, motors could be distributed throughout the train, the mains 
carried through it, and the system governed by a controller at the 
leading end. 

One of the earliest of these proposals was made before the Society 
of Arts, in Boston, in 1885, just prior to conducting experiments 
on the elevated railroad, at which time I contemplated the use 
of motors on each ear, or every other ear, and a pilot locomotive 
or ear containing an adjustable controlling apparatus which could . 
be made effective for handling one or more ears. This project, 
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however^ never reached fruition^ and of course fell short of the 
possibilities. 

Mnch more seemed certainly feasible. The excuse for the last 
mentioned proposal is found in the evident engineering truth that 
if greater power is applied to a train^ and a high percentage of 
the weight on the drivers utilized during acceleration, higher sched¬ 
ules with reduced strains are possible. 

Considering for a moment a single car as a unit, and putting 
all the available power in the motors connected to each of the 
axles which space permits, it is readily possible to put on a motor 
equipment which will develop over 20 h. p. per ton moved, and 
to use 100 per cent, of the weight on the drivers. The possibilities 
of this unit, that is using the entire weight of the car for traction, 
and all the power which can be put within the space permitted, 
is the limit, and absolutely the only limit of the possibility of the 
speed to be attained by an electric car. If now this unit is length¬ 
ened, that is, ears aggregated into a train, and the same ratio 
of weight on the drivers and the same h. p. per ton is maintained, 
then it matters not what the length of the unit, identically the 
same schedules can be made with the train as with the single car. 

The most effective train operation, however, requires something 
more than schedule speed, and it seemed that considered from a 
competitive standpoint, and with the idea of gathering every pas¬ 
senger possible, the proper method of operating a railroad should 
be something as follows: 

Starting at the time of least traffic, to operate the smallest allow¬ 
able unit at intervals determined by the ratio of the increased cost 
of operation to the increase of passenger receipts to be obtained 
by shortening the interval. Then, as traffic increases, to shorten 
up this time interval as far as is consistent with safety, then to in¬ 
crease the size of train unit while maintaining the same interval 
and high schedule to take care of the greater traffic. 

It is said that smaller train units' cost more to operate than 
larger ones. This is to a certain extent true, but against this is 
the simple fact that on the scale of wages paid on many railroads 
the difference in total cost between operating two two-car trains 
and one four-car train is one passenger per car for every fifty 
stations as spaced on the elevated railroads in ISTew York. 

In view' of this fact it can hardly be questioned that if shorter 
intervals are made possible, then more passengers would be gath¬ 
ered than represented by these differences, and trains would, if a 
practical system were devised, be operated in any length from one 
car up. 
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■ These, I think I may fairly say, were the views which finally 
came to be held by such transportation authorities as Chief En¬ 
gineer Wallace, of the, Illinois Central Eailroacl, and Chief En¬ 
gineer Cornell, of tte Brooklyn elevated, in the spring of 1897 
and in this connection it is interesting to note a chronological re¬ 
view of various proposals which had from time to' time been made 
tor elevated railroad equipment and operation, which is appended 
to this paper, which will serve to illustrate a diversity of ideas 
md recommendations which have done much to bring ridicule upon 
tne profession of electrical engineering. 

This review is not intended to give a complete or detailed history 
of electric railway development, but is a running commentary on a 
variety of proposals made for train operation on elevated or subur¬ 
ban railroads from the year 1880 to the present time. 

^ A -survey of this record for the first seventeen years, up to and 
inc u ing the first proposals made as late as the spring of 1897 
to the South Side road, shows that with the exception of offers 
made by me at various times, beginning at the Society of Arts in 
, ™ 1885, and ending in definite proposals to the Manhat¬ 

tan Elevated Eailway in 1896 and 1897, and later, there were no 
propositions, or even a suggestion, from any manufacturing cor¬ 
poration or individual to equip a railroad on any other than a 
locomotive or locomotive ear plan, with the single exception that 
on the Liverpool Overhead Eailway, two-ear trains are operated 
as a unit, each unit having a motor disposed at the leading and 
back ends, and with a hand controller at each end.' 

Typical important installations were, on the locomotive plan 
pnre and simple, in 1895 at Baltimore, and on the locomotive car 

""wIntramural 
road at the World s Fair m Chicago, in 1893, and on the Metropoli- 

1 M 5 ^?+?‘^I Elevated Eailroad under the same supervision in 
1895 at the former of which Mr. Baker had'to'override recom- 
inendations in favor of a locomotive. 

The vanety of ideas indicated by these notes, and the inexcusably 
wide divergence'of expression concerning the nommonest engineer¬ 
ing facts, as well the crudeness of many electric ■ railway pro- 
^sals, were never_ more sharply shown than in a paper by Mr. 
ta u the Illinois Central'Eailroad, on the subject of “The 
Substitution of Electricity for Steam as a Motive-Power for 
uburban Traffic,” beforb the American Society of Civil En- 

which followed it. 

Mr. Wallace, having, in Debember, ,1891,- been dircctfed by the 
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management of the Illinois Central Eailroad, of which he was then 
the Chief Engineer, to investigate the subject of adopting electricity 
on the Illinois Central Saburban Eailroad, after a careful consid¬ 
eration of the requirements of the road, issued a list of forty-five 
categorical questions covering the operation of a' fairly fixed equip¬ 
ment at twenty miles an hour. These questions were sent to all 
the various electrical companies except the Sprague, which had at 
that time been absorbed by the Edison General Electric Company. 
Consequently, for the old Sprague company and for myself I must 
disclaim any responsibility for the variety of results. 

I will not attempt tO' review the answers to all the inquiries as 
presented by Mr. Wallace, only touching upon a few of them to 
illustrate the disparity of recommendations made, but for an in¬ 
teresting detail comparison refer to the comments at the meeting 
by Mr. Charles Henry Davis, from Mr. Wallace, partly quoting, 
that: ^^The engineers giving this matter their attention have been 
enthusiastic electricians; they have seldom been practical or ex¬ 
pert mechanics, and the writer would add, usually inexperienced 
as railroad engineers.^^ 

But let us briefiy take note of the recommendations. 

■ The motor capacity varied from 100 h. p. divided into four 
units to 200 H. p. divided into two units, and distributed from one 
to two motors on each of two trucks under a locomotive car carry¬ 
ing passengers, or on the other hand aggregated into a locomotive 
pure and simple without passenger carrying capacity. 

Both ring and drum armature constructions were recommended, 
and driving wheels of from 30" to 42" diameter. 

• About'every possible form of axle driving, except chain or belt 
transmission, was proposed. One company was indifferent as to 
whether the motors were directly on the axles, or gear transmission 
was adopted; another recommended spur gearing; another, cranks 
and parallel rods; and still another no form of gearing under any 
circumstances, but an armature mounted on a hollow shaft sur¬ 
rounding the axle. 

The central station equipment varied from 4,800 to 18,000 H. p., 
and the steam units from 400 H. p., driving single machines, to 
1,500 H. p. driving double machines^ 

Horizontal compound and vertical triples had their advocates, 
and rope or belt as well as direct connections between engines and 
dynamos. . r • ' 

The space required for the central station varied from 12,000 to 
75,000 square feet, and the cost of power plant, not including real 
estate or buildings, from $320,000 to $1,169,000. 
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Amount of fuel required per h. p. from two to three one-half 

pounds. 

The annual cost of power plant operation ran -from $60,000 to 
$225,000. 

The potential varied from oOO to 1,000 volts. 

The cost of trolley lines and feed wires from $40,000 to $172,000, 
and repairs to the same and other line expenses from nothing to 
$23.50 a day. 

The practical curvatures from "^50-foot circle^" to ''150 feet 
radius.'’^ 


On one subject there was unanimity of agreement, the trans¬ 
mission was to be by continuous current, and by overhead trolley. 
Despite Mr. Wallace’s request for information about a third rail 
it incontinently waived aside. 

The multiple unit system was not in any form proposed, but 
there was discussion on the subject of the relative advantages of 
small independent units versus trains. 

The recommendations made, hardly need extended comment, 
and one can well imagine the reasons which then stopped any fur¬ 
ther action on the part of the Illinois Central Eailroad. 

^ The whole paper is one of great interest, but from the discus¬ 
sion I will extract only a few comments which, in view of the im¬ 
mediate subsequent developments, are important. 

Mr Thomas C. Clarke, a Past-President of the society, stated 


_ The author, under the head of "minor problems,’ speaks of the 
size 0 ransportation units and whether independent motors of 
large power shaU be used to haul long trains of trailers, or whether 
small tramportation units, run at more frequent intervals, shall 
a op e with motors on the cars. In designing the rolling stock 

and structure of elevated electric railways in cities, this is the 
mam point, and not one of minor consideration. Neglect to study 

fdlure of oneTfM° fto the financial 
one of the largest electric elevated railways that has been 

-^ers S 

other 

business The first requisite is to get abundant traffic - the second 
to handle it with economv. 

th™ ^%^ompetition with surface lines, and charge 

one tLv T points but 

■ Thej afford more frequent stops; there is no climbing of 
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stairs , cost of construction, and, consequently, interest is less, and 
the system of transfers to branch lines is a great accommodation 
to the public. The elevated trains, not being impeded by surface 
trafSc, can make better time; but for that, no person would ride in 
them, except to escape crowding. 

Common sense would indicate that the managers of elevated 
lines should try to approach, so far as possible, the conditions which 
have made surface lines a success. 

Frequent stops can only be attained, without losing too much 
time, by having a great power of acceleration. Any amount of 
power can be sent from the central reservoir, but if the wheels of 
the car slip, a limit is reached. Therefore, instead of having only 
one-third of the weight of the train available for adhesion, as is 
the ease where an electric locomotive draws a train of trailers, utilize 
the whole weight of the train and passengers by putting motors 
on every ear, connected electrically and mechanically, and worked 
by a motorman at one end of the train. Another advantage result¬ 
ing from this is that the gradients can be steepened, and the height 
of the station and their stairways reduced. 

^Tf, in addition to this, short trains of light ears are used, the 
weight and cost of the structure can be greatly reduced, and the 
interest charges also. Small trains mean frequent trains to enable 
the traffic to be carried, and everybody knows there is no means 
of attracting traffic so powerful as that of frequent trains, as there 
is then no waiting at stations, which everybody hates. 

^^The summing up of the whole matter is, that to make the city 
elevated railway a success, the surface electric system must be 
copied, and placed above obstructions from other traffic, and not 
the steam, locomotive system of long trains at greater intervals. 

^The process of evolution which develops everything along the 
fittest lines will make the city elevated railway of the future, one 
of light structure, carrying light and very frequent trains, with 
motors on the cars themselves—a development of street trolley 
lines, and not of steam locomotive railroads.” 

Mr. Walter H. Knight stated that: ^^The whole object of the 
elevated railroad is speed, and speed cannot be made with short 
headways. It would make little difference, so far as speed is con¬ 
cerned, whether the cars were all equipped with motors, or all the 
electric apparatus concentrated on one car.” 

Mr. Wallace stated that: ^^One of the practical difficulties in the 
way of placing motors on each axle of the car and on several ears 
of the train, and coupling them up so that they can all be used 
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and under the control of one motorinan, is that, so far as the- 
author's investigations have gone, there is as yet no perfect and 
adequate controller in use in the United States which will provide 
for the proper manipulation of more than two motors,'" and his 
conclusions seemed to be that while a train system did not give 
that which was necessary, nothing had been presented to him in 
answer to all his inquiries and his painstaking research which o-ave 
him any pomise of successful departure from his then existing 
metliod of operation. ^ 


There is smail cause to wonder that the project for electrically 
equipping the Illinois Suburban was for the time abandoned. 

At the time when Mr. Wallace's paper was presented, a com¬ 
mittee, including himself and some other officers of the road, had 
een ormed, with Mr. John Lundie as engineering secretary, and 
ith a number of assistants was making some further investiga¬ 
tions as to the possibilities of electric application. A report waa 

“t, ‘it J”. pT 

uL ^ twenty-four and one-half mile sched- 

ule on the suburban service of the road instead of the eighteen 
and .one-half which was then being accomplished by steam, and 

am not mistaken, all further consideration of a locomotive 
pulling trailers was abandoned. . -^“^o^otive 

meiicdlt^ir'?'-^^^' tlie dia- 

..et 

. 1 *. .M the 1 Lt ™ 

“^>7 

which is the incr* i mulh'pU unit sys^ 

real ntlvTh “« T°“ Zl- 

E.nstem of ooatrol which pemifs^o^f fh ^ semi-automatic 

transportation units pstrh ■ 4 ^ aggregation of two or more 

Ml the 

points on the unit for operating it'tt,^*^ 

and a “train Hue” for allmmc f * Mugh a secondary control, 

together without rela rStlr ^ 

on? hS rreSSM^rr' « rtn „nc o, two 

certmn oapmnty of motive equipment with which 
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it is best to operate it under fixed conditions, and that is the motor 
equipment which should be put on that unit, not something either 
larger or smaller, and then when more capacity is required, to simply 
add another unit of like character. 

A unit may be a single car or a pair of cars, and the number 
of motors used whatever desired. The logical equipment is two 
motors for each car, and when so equipped the importance of some 
of the practical results are emphasized. 

Among the advantages which such a general system when fully 
developed must possess, may be mentioned first : 

Similarity of Equipment—This gives absolute flexibility of train 
operation. ’ 

It ensures like characteristics for trains, whatever the length, 
and whatever the combination of cars. 

The motor equipment is directly proportional to the number of 
car units. 

There is a practically fixed relation between the weight on the 
drivers and the total load, whatever the length of train, and it is 
a matter of indifference to the motorman whether he is operating 
one ear or any aggregation of ear units in a train, for its charac¬ 
teristics are the same. 

Independence and Facility of Operation .—Each car being light¬ 
ed, heated and braked independently, has independent movement 
in yards or car houses or on the tracks, wherever stored, and thus 
inspection, repairs and train combinations are facilitated. 

The head and tail switching operations of locomotive practice are 
entirely abolished. 

Trains in whole or in part can be reversed at any cross-over, thus 
reducing the dead mileage and intensifying the car movement to 
meet the conditions of passenger movement. 

Cars can bemadded to or taken from a train in a third of the 
time that is possible with a locomotive system. 

Where a system has main tracks with branches, car units for 
the different branches can be aggregated on the main line and then 
split at the junction, thus preserving the time intervals on the 
branches but doubling the distance intervals on the crowded sec¬ 
tions. 

The fullest use can be made of all sidings and tracks, wherever 
located, for storage, and in a large measure for inspection, which 
ensures less dead mileage and useless returns, and effects concen¬ 
tration of car movement which is impossible where the cars must 
be stored' in one place. 
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Increased Schedules .—Any required rate of acceleration or sehed- 
uie speed up to the maximum becomes possible, thus giving the 
highest schedule with any given maximum, and the lowest maxi¬ 
mum with any given schedule. 

A partial equipment may be made by equipping alternate cars, 
acd this schedule later increased by additions to the existing equip- 
::;ri!t without changing its character. 


Local and express service can be operated with greater or less 
aggregation of motor equipments. 

It has been suggested that with a locomotive system, when trains 
are reduced in length and the service on the road is diminished, 
the locomotive car can then increase the schedule, and that during 
The times of heavier traffic it still has capacity enough to pull a 
train. Such an argument is a reflection on the common sense of a 
railway manager, and such practice a parody on railway operation. 
Tile time above all when schedule speed, capacity and effective 
OF'eraiion are required is when traffic is greatest and the road most 
liable to congestion. It is difficult to see how any engineer can 
H--nously offer such an argument in support of locomotive practice 
o:.r It 15 directly contrary to the most vital requirements on a 
raiiroad. 


If. as IS vital in competitive.service, a high schedule is neces- 
^ar.-, and ignoring for the moment all questions about relative 
Strains, weights, facility of making up and controlling trains, and 
the advantages of variable train lengths and intervals, when we 

'eV a high schedule with short 

merval_ stations is impossible except with two heavy four-motor 
locomotive cars or with every car equipped with a pair of motors. 
And from every point of view, the latter is preferable. 

hirl! This is of importance where elevated struc- 

a or ridges are used, especially when already possibly strained 
It IS apparent that the weight of cars, truck and motive equin 

All the longitudinal or shearing strains are greatly reduced 
he hammering on the rail joints, with the' resulting shock to 

of 

ized and^ffi^f given rate of acceleration are equal- 

-P- ™ Poducea 
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Increased Density. —The safe time interval between trains for 
a given schedule and for any given length of train and station 
stop is dependent upon the maximum speed and the rates of accel¬ 
eration and braking, and the greater these latter with any given 
schedule, that is, the lower the maximum speed and consequently 
the less the travel of the train after the brakes are applied, which 
distance varies roughly as the square of the speed at the time of 
applying the brakes, the shorter cam be both the time and the dis¬ 
tance interval between trains. 

If there were an infinite rate of acceleration and braking, then 
there would practically be necessary, barring accidents, only that 
time limit between trains as is occupied by a train at and blanketing 
a station. In practice a motorman will approach a station with 
more confidence and under closer headway when his maximum 
speeds are low, and the braking distance which he travels short, 
and when he has confidence that the train ahead, once started, will 
promptly accelerate and increase speed while that of his train is 
rapidly diminishing. 

It is apparent, of course, that the length of a train is only 
limited by the platform accommodation. 

Better Equipment. —From this standpoint better motor manu¬ 
facture is ensured. There are fixed limitations of wheel base, track 
gauge, wheel seat, diameter of axles and distances between axle 
and bolster, and hence there are practical limitations to the outside 
dimensions of motors. The smaller the capacity of the machine 
put into that space, the greater the margin for increase of dimen¬ 
sions of the essential work in g parts, such as bearings, gears and 
commutators, and the greater the freedom for inspection. Like¬ 
wise, also, is there greater space for the application of any kind of 
brakes, electric or mechanical. 

’ Reduced Numler of Cars.—With any given maximum hourly 
mileage, the number of ears in service or on relay will vary_ in¬ 
versely as the schedule. This advantage is further augmented by 
those already instanced, the concentration of car movements where 
most desired, and the storage of cars at the most convenient points, 
with consequent less dead mileage. 

Simplicity of Operation.—The operation of the multiple unit 
system becomes the simplest. Every motor car or pa.ir being a 
transportation unit, and every aggregation of such being, so far 
as the motorman is concerned, simply an extension in the length 
of the unit without in any maimer changing its character, the 
operation becomes almost automatic, a sort of second habit. Like 
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hand and like train moyement exist, whatever the combination and 
wherever the motorman is situated. 

The making np of trains, so far as electrical features are con¬ 
cerned, is as simple as conpling up an air hose. 

ISTo main currents are carried from car to car, only small cur¬ 
rents, through reversible jumpers, and the electrical combinations 
are effected automatically, however the trains are made up and 
whatever the end relation of the ears. 

Protected by the automatic features, a child of ten years can 
handle full-sized trains on regular service with less trouble, so far 
as the electrical apparatus is concerned, and with less instruction 
than is required for the simplest form of air brake. 

Ease of Inspection .—The train line and the main motor cir¬ 
cuits being absolutely independent, and provision being made on 
any ear for cutting out a set of motors, facility exists for an easy 
inspection, wherever the ears are located. Almost all the working 
parts of the motors can be inspected through the trap door in the 
bottom of the car, and since the cars have independent movement 
and can be rapidly run through an inspection shed over a pit, a 
little practice enables an inspector to make the most rapid survey 
of trucks, brake rigging, motors and everything else which is under 
a ear. 

Economy.—Transportation wages per car mile, the largest ele¬ 
ment of cost, are reduced because of the simplicity of operation, 
and because of the increased schedules. With the same efficiency 
there is less power per car mile expended, and hence less coal burned, 
for any given high schedule with like conditions of traffic than with 
a lower rate of acceleration because of the less amount thrown 
away in braking. The increase of power required because of low 
acceleration over high is anywhere from 25 per cent, to 50 ner 
cent. ^ 

When it is realized that a system like the elevated railroad would 
use only one-sixth of the power actually now used if it made no 
stops, the importance of this fact may be seen. 

The question of coal economy is of less importance, however, 
than many other features of railroading, and, from a financial 
standpoint far less important than getting absolute freedom in de¬ 
termining train intervals and train lengths. In this connection 
it should be noted that altogether too little consideration is given 
to the question of car construction and car weights, and it seems 
to be forgotten by many engineers that useless tons of dead weight 
moved represents unnecessary investment in plant and a continu- 
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O'us charge against operating expenses;, and it is about as sensible 
to ignore this question as it would be to add pig lead to a ear 
having all of its weight on its drivers to increase its traction. If 
half the energy was spent in reducing useless tonnage moved;, that 
there is in bargaining on the cost per kilo-watt of apparatus, the 
cost per car mile and the ratio of' operating expenses to receipts 
would be gratifyingly reduced. 

Safety .—The highest safety is essential. In the ease of failure 
of brakes, or on slippery rails, the machines throughout the entire 
train can be safely reversed. The current input to the machines 
is automatically limited on each one to its safe capacity. In case 
un accident should happen to an operator and he lets go of his 
controlling handle, the entire power is instantly removed from the 
train, and in case the controlling apparatus on the leading car 
should become disabled, the train can be operated from either end 
of any other car. 

In fogs and on slippery rails a fixed schedule can be maintained 
more effectively because of the lower maximum speed, the less 
•distance traveled in braking, the greater confidence in approaching 
a station, and the promptness of the leading train in getting away. 

On account of the reserve capacity of the machines it is possible 
to mali:e up time, and also clear a road, which is a matter of the 
gravest importance on a congested system. 

The automatic cutting ofi of current will have an important bear¬ 
ing in a not distant future when a legislature is apt to, and should, 
prohibit the operation of a train with only one man in front unless 
there is some certain method of removing the driving power in case 
of accident to the operator. This is an instance of where an ap¬ 
parently small thing, possibly determining the employment of 
several hundred extra men, has a vital importance. 

Least Cost .—The multiple unit system means lowest first cost 
as well as lowest cost of operation. This is contrary to first im¬ 
pression, but the explanation is simple in that the cost of the de¬ 
livery of electrical energy to the car shoes per unit of constant 
use is eight to ten times the cost per unit of maximum capacity of 
■car equipments, and by using the higher rate of acceleration rather 
than the lower for any given high schedule, the aggregate cost of 
the total equipment from power-house to car equipments for any 
given hourly mileage is less, because, notwithstanding the increased 
cost of car equipment, the difference of economy creates a saving 
in that portion of the electrical equipment, that is generation and 
^ distribution, which costs so many times more per unit equipment 
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than the units of car ecjuipment, that the latter increase is more 
than made up by the saving in the former. 

All this is readily proven, for I know of no problem presenting 
greater and more interesting possibilities of exact determination, 
so far as results are concerned, than that of electrical railway en¬ 
gineering; yet, on the other hand, I know of none in which there 
is a more reckless disregard of possibilities than in this very pro¬ 
fession. In this, as well as in every other problem of kinetics or 
construction, and just as certainly as in the construction of a 
bridge, great increase of first cost, and cost of operation, may accrue 
from a disregard of the essential relations of all parts of the sys¬ 
tem, and on the other hand great savings may be achieved by a 
thorough knowledge of them. 

Despite these facts, it is curious to note oftentimes the inversion 
of the sound engineering with which the consideration of the elec¬ 
trical equipments of a road is often attended. 

On any existing road whose traffic is known, the problem, put 
in the briefest form, should be: 

Given the existing maximum ear mileage and schedule, how bes* 
and most cheaply, both as to first cost and cost of operation, most 
quickly and with the least interference with service, and without 
increase of strains on elevated structures or bridges, can the exist¬ 
ing mileage be maintained, how much can it be safely increased, 
what possible schedules can be made, and what will be the efEect 
on the traffic and operating expenses of the road. 

The fact that there is a most intimate connection between the 
generating, transmission and the motor parts of the equipment 
seems often to be lost sight of entirely, and yet even the ratio of 
gearing adopted on the car motor will affect the size of the power 
plant. The natural procedure would be to determine what results 
are desired, and then find the best method of getting them. In¬ 
stead of that, oftentimes a purely empirical decision is made as 
to portions of the equipment, such as the capacity of the central 
station and size of its units, and the results, so far as the move¬ 
ment of ears is concerned, left to take care of themselves. This 
procedure reminds me of the architect who, wishing to erect a 
skyscraper, would decide upon the foundation without regard to 
the weight of his building or the character of the soil beneath it, 
or the engineer who would build a bridge without knowing the load 
which will be put upon it. 

There is^ in fact, the most intimate possible relation^ as should 
be perfectly evident, between the various parts of the equipment. 
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and this relation is such that ihe costs of each part is seriously 
varied, with exactly the same schedule, grade and load conditions, 
by variations in the manner of making these schedules. 

This is in no manner more effectively shown than in Mr. John 
Lundie’s most interesting methods of detailing the essentials of 
first cost and cost of operation for various schedules under various 
rates of acceleration, all referred to a common factor, the percentage 
of weight on the drivers. 

Such, then, are the practical advantages to be derived from a 
properly devised multiple unit equipment, but to be effective the 
details of the system had to be developed at great expense and much 
experience, to a state of absolute reliability and reasonable sim¬ 
plicity. 

It may be stated, now, that the essentials of the multiple unit 
system are not complicated, despite the remarkable variety of func¬ 
tions which they have. They may be stated briefly to be as follows: 

1. The master controllers on the platforms at each end of a 
transportation unit. They are of the simplest and most reliable 
character. 

2. The master controller and train line cables, which become 
parts of the permanent wiring of a car, and are just as reliable 
and as simple as that for the lighting system. These secondary 
controlling cables are absolutely independent of the main motor 
circuits, and carry very small currents. 

3. The jumpers, which are removable sections of the train line, 
and connect the parts of the latter which are permanent to each car, 
just as air hose couplings connect up a brake line. 

4. The main controller, which is composed of the following parts: 

Certain relays and a throttle, developed in electric elevator ser¬ 
vice. 

Pilot motor with automatic limits, something like that used in 
elevator controls, but of more robust make. 

A rheostat cylinder, with or without motor grouping switches,, 
the parts similar to those of hand control. 

A reverser with like parts, but independently operated. 

The braking system, whether using automatic air or electric, is 
something like the multiple unit electric system. There is a train 
line with means at each end of each transportation unit for simul¬ 
taneously applying the brakes. When automatic air is used, there 
is a train and equalizing line, a compressor with an automatic 
governor, illuminated gauges and a simple form of engineer’s 
valve at the ends of each car for each transportation unit. 
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The Multiple Uxit System oy the South Side Elevated 
P iAiLWAY OF Chicago. 

Like many other innovations, the opportunity to put the system 
which has just been described, and which promised so much, into 
operation was a long time coming. Many attempts had been made, 
with offers as already indicated to conduct experiments on a whole¬ 
sale scale at my own expense, but with no satisfactory response, 
until in April, 1897, I was suddenly called in consultation on the 
South Side Elevated Eailway in Chicago. 

This road had passed into the hands of a receiver, had been re¬ 
organized, and in the spring o^f 1897, had, under its new and ener¬ 
getic president, Mr. Leslie Carter, and a progressive Board of Di¬ 
rectors, decided to adopt electricity, with Messrs. Sargent and 
Dundy as engineers. 

The original plan submitted by the various manufacturing com¬ 
panies proposed the usual locomotive car with either two or four- 
motor equipments, but many difficulties presented themselves in 
providing for the necessary power and weight to get the increased 
schedule speed demanded, as well as to meet other requirements. 

I at once saw the opportunity for a radical departure, and the 
■opportunity to commercially put in operation a multiple unit sys¬ 
tem. The advantages of higher schedules, reduced weights, varia¬ 
ble train lengths, more frequent trains, distributed motive equip¬ 
ment and increased economy being presented, with the plain state¬ 
ment that while the system was absolutely untried in railroad prac¬ 
tice I was quite ready to back my recommendation by performance, 
found willing ears and the endorsement of the engineers, with the 
result that definite proposals resulted in a contract which in many 
ways was of similar character to that made for Eichmond. 

Durmg the brief period of my transmission from the status of 
consulting engineer to that of contractor, a meeting in Chicago 
proved particularly interesting, for in the early part of April 1897 
scarcely more than two months after Mr. Wallace’s paper before 
the Society of Civil Engineers, I had the pleasure of being present 
at a table when he made a statement about as follows: 

_ ‘mat I wish to do on way suburban traffic is to abolish the 
time table except at the dispatching terminus, and to send out 
frequent trains in succession whose length shall be one or a dozen 
cam according to the traffic requirements at the time of day, with 
orders to make the best time practicable on their round trip. In 

fact, I hope to see the time when I can run a train with a push 
nTitton/^ ^ 
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Turning to hini^ I said: ^^That is precisely what I am in Chi- 
<3ago for at present.^^ In faet^ my report in favor of the multiple 
unit system had already been made to the South Side road, and a 
proposal for its equipment tendered. 

It is suggestive also that it was very shortly after this that Mr. 
Cornell independently expressed himself very much as had Mr 
T. C. Clarke. 

However, despite the apparent soundness of the engineering and 
railway principles involved in the multiple unit system, the record 
of thousands of individually equipped ears all over the world, the 
many shortcomings of railway equipments depending upon loco¬ 
motive practice, and the success and extent of the secondary control 
of single motors in elevator work, when the proposed plans for the 
equipment of the South Side road were announced, the project 
met with the most radical and oftentimes unthinking objections 
from many electrical engineers. With the exception of the con¬ 
sulting engineers of the South Side road and a few former asso¬ 
ciates, whose confidence in my ability to carry out the contract 
was^ largely a personal one because of past relationship and ac¬ 
quaintance, and Mr. W. J. Clark, the then manager of the railway 
department of the General Electric Company, for whose personal 
support I am much indebted, I recall few instances of professional 
support. 

I had, however, been through too many experiences of the kind 
to be discouraged as to the outcome, and I received cordial support 
from the various sub-contractors, who willingly accepted orders for 
material under conditions somewhat out of the usual, and it is to 
their active^ co-operation in this respect that much in the way of 
the possibilities of the multiple'unit development on the South 
Side road is due. 

The criticism which was poured in on the South Side officials, 
however, was not without result, for, realizing the gravity of' the 
proposed departure in practice, the contract requirements were 
made of the most rigid character, and the conditions under which 
the equipment was to he installed were most exacting. 

^ In fact, considering the importance of the contract, all the nego¬ 
tiations for its conclusion were somewhat out of the usual. With 
the exception of a short period of consultation in Chicago, most 
■of the engineering correspondence was carried on by telegraph, and 
the contract in its final form was signed by my assistant, Mr. 
McKay, without my seeing it, while I was out of the country, the 
■contract itself having been prepared by the officials, advisers and 
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6iigiiieers of the South Side road^ with what care in protecting 
their own interest one can well imagine. 

The physical conditions were as follows : 

The existing road is a double track structure of the usual ele¬ 
vated type, extending from Congress street to Stony Island ave¬ 
nue, a distance of about eight miles. Plans were already made 
to connect it with the new ^doop^^ in the heart of Chicago, on which 
the trains of the Metropolitan and Lake street roads were already 
operating, and which was to receive also the trains of the projected 
hTorthwestern elevated, with the prospect of grave congestion and 
the absolute necessity of freedom from serious blockades which 
would stall the entire elevated system of the city. 

The road is paralleled by cable and electric street systems, by 
the Chicago and Eock Island road, and by the superb suburban 
service of the Illinois Central. 

The existing equipment consisted of forty-six 28-ton Baldwin 
compound locomotives, and 180 standard 43-foot 15-ton cars 
equipped with Pintsch gas, steam heat and automatic air brakes. 

The schedule speed on the main lines was fourteen to fourteen 
and one-half miles an hour; trains were operated at intervals of 
one and one-half minutes to half an hour, and in lengths of from 
two or five cars; the service, including the loop, would, in the cold 
weather, require 145 to 150 cars, and ten or fifteen cars would 
ordinarily be under normal repairs. 

It was necessary to take this equipment in its then condition, 
remove ten or fifteen ears at a time from the structure, partially 
equip them, return them to the road to allow theihrTb be retained 
in steam service, to again withdraw them, complete the equipment, 
and put them into electrical operation when the pplver-rhouse was 
ready, jointly with steam trains, without crippling the service. 

The contract required the supplying and installation on 120 cars 
of lights, heaters, motors and trucks, as well as the developing 
de novo of an entire new system of control, involving not only the 
actual construction of the controlling mechanisms, but the train 
system connected with it, such as couplers, jumpers, automatics, 
etc., the installation of a braking system, and the providing of both 
ends of the cars with vestibules or cabs. Nine-tenths of the ap¬ 
paratus was not of my own manufacture—even the motors were not 
of a commercial size. 

The following were among the required conditions of operation: 

The simultaneous control of two or more independently equipped 
motor cars, to start, accelerate, operate at any speed up to the 
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maximum, slow down, and apply automatic brakes, all with practi¬ 
cally uniform effect in each and every motor car. 

The automatic reversal and braking of the machines and cars 
in case of failure of current, parting of train, or running onto a 
dead section. 

^ ith a normal potential of 500 volts, a single motor ear, or 
an} number connected together in a train, to be able to maintain 
a schedule speed between existing termini of fifteen miles per hour, 
with average stops not exceeding ten seconds for existing station 
distribution, and to be able to ascend a 2 per cent, grade at more 
than schedule speed. 

The system of control to be such that any number of cars so 
equipped could be coupled together indiscriminately without regard 
to their sequence, and when so coupled, by identically the same 
movement to be controlled from any selected point at either end 
of any car, and the rate of acceleration, traction co-efificients, speed 
and braking conditions which characterize a single ear to be dupli¬ 
cated in a train unit, no matter what the number of cars. 

The automatic braking devices and electrically operated power 
brakes to furnish a perfect substitute for the air brake in use, in 
efficiency, reliability, and automatic action. 

The contractor was to begin work on the equipment of 120 ears 
immediately upon signing of the contract, and to have six ears 
completely equipped, ready for operation and test concluded on or 
before July 15, 1897, on a standard track not less than one mile 
in length, to be supplied by him af his own expense; the test and 
the manner of its making, as well as its extent, to be prescribed 
by the officers and engineers of the road, and to be to their entire 
satisfaction. Should such test be unsatisfactory to any of these 
ofBeials, or not to be conducted by the date set, then the right re¬ 
mained with the railway company to cancel the contract. Should 
the test prove satisfactory, the cars were to be delivered wherever 
required for further tests, the remaining 114 equipments to be 
progressed to completion by specified dates, and as soon as the 
South Side power-house and road were ready for electric operation, 
another test was to be made of twenty or more equipments under 
the actual service conditions of the road, which test was to extend 
over a period of at least ten days, and be made in such manner as 
required by, and to the satisfaction of the president and engineers 
of the company. In the event of these equipments proving un¬ 
satisfactory to any one of them, the company still had the right 
to cancel the contract, and to require a waiver of all claims against 
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their tracks for experimental purposes. 
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This review would not be complete without here acknowledging- 
mv many obligations to the ofRcers and engineers of the South Side 
road for their confidence and patience, as well as the hearty co- 
operation and support of my own business and technical associates 
in the Sprague company, during many trying and critical periods 
A description of the actual equipment of the road is here given 
under the heads of power-house, track system, storage battery, and 
ear equipment and control, with some notes as to the practical 
operation and the results obtained. 



Poiier-Eovse.—The power-house was built after plans by 
Messrs Sargent and Lundy, and embodies several features which 
successfully obviate the disadvantage of a site removed from water 
supply sufficient for condensation, but which was chosen because it 
was near the center of distribution for the railroad system. 

The building IS of brick and iron, unpretentious in design, and 

separated by a brick wall dividing 
tne building longitudinally. ® 

The boiler plant at first installed consists of four batteries 
of Babcock and Wilcox water tube boilers, rated at 400 h. p. each. 
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equipped with chain grate stokers filled from overhead coal bunkers 
of 1^000 tons capaeit}^ 

The chain grates are engine driven_, and have speeds adjustable 
for ranges up to four inches per minute. Vertical shutters at the 
feed hopper on the boilers regulate the depth of fire on the grates. 
The installation operates practically smokeless^ except in starting 
fires. Ashes drop from the gates into sub-chambers, and are drawn 
off into an electrically driven coal and ash conveyor, which receives 
and dumps automatically when set as desired and started. 

Furnace gases on leaving the boilers pass through a G-reen fuel 
economizer wfith dampers at entrance and exit. This economizer 
effects 10 per cent, fuel saving. 

The engine room is traversed longitudinally by an electric crane 
of thirty tons capacity. 

It contains four cross-compound condensing Allis-Corliss engines 
each rated at 1,200 h. p., at eighty r. p. m. with maximum capacity 
of 2,000 H. p. each. They are of special heavy railway type, with 
twenty-four foot fly-wheels each weighing fifty tons. 

Steam is furnished at 150 lbs. gauge pressure and exhausted in 
a condenser vacuum equivalent to a 24-ineh column. The con¬ 
densing apparatus is of the x411is vertical type, and is independent 
of the engine. 

Adjacent to the main building is a rectangular Barnard cooling 
tower sheathed with steel plate and divided internally into five 
vertical sections, each provided at the bottom with two ten-foot 
fans carried on the shaft of an 18 H. p. motor. The fan speeds 
may be varied by three different motor combinations. The con¬ 
densing water is delivered to a distributing header 30 feet above 
ground level. Thence five mains distribute it into drip pipes in 
the several sections, where the water trickles downward over wire 
mats continuously fanned by the cool air blast from below. The 
final temperature of the water is about 85° F. 

The electric generators are four 800 k. w. 12-pole Westinghouse 
compound-wound dynamos with large overload eapacit 3 \ The field 
pieces are vertically split and can be slid at right angles to the 
shaft, giving access to the armatures which are ihounted directly 
upon the engine shafts. 

The main switchboard is made up on the panel plan and so fitted 
with instruments as to record separately all sub-divisions of the 
power generated. 

The station shows great operating economy in practice. 

A complete power-house shift includes chief engineer and clerk, 
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with nine men, five of whom rate only as helpers and oilers. Hence 
the labor cost is very small. 

The power-house records show that the total power-house cost 
per kilowatt hour delivered to the switchboard is less than one-half 
a cent. 

Distrilution. —The system of distribution is a modified plan of 
what is popularly known as the “third rail” system. 

Extending from end to end of the line, on the inner side of each 
track and along all switches and cross-overs is an ordinary forty 
pound T-rail, in 60 foot lengths, supported on insulators at short 
intervals, and with its surface about 4 inches above the working rail 
and a few inches from it. This rail is bonded at every joint with 



double horseshoe bonds to provide continuity of circuit. It is 
known as the “power rail,” it forming one terminal of the electrical 
system, and is the rail with which flexibly mounted shoes carried on 
the ear trucks make contact. 

^ This rail is divided into sections of varied length, which sections, 
mstead of being left open as has hitherto been the practice, are 
joined together by switches or fuse blocks so as to make the rail 
electrically continuous under normal conditions, but with pro¬ 
vision for cutting out a section automatically or at will in case of 
enort-eiremting. 

^ Extending each way from the power-house are five feeders ear¬ 
ned on insulators on the center of the structure under a housins' 
the majority of these feeders being connected to the power rail 




1899.] 


ELEOTRIG BAIL WAT SYSTEM. 


221 


sections by sub-feeders through circuit breakers at various points. 
One^feeder goes to a connection between the South Side system and 
the loop” for emergency, and two of the feeders are used in con¬ 
nection with storage batteries which are placed each at approxi¬ 
mately half the distance each way from the power-house to the 
ends of the line. 

The return circuit is made through the tracks, which weigh 
ninety pounds to the yard, are bonded at each joint, and cross 
bonded every 1.20 feet. 

There is also a permanent connection between the power rail of 
the South Side system and the “loop” through a fixed resistance, 
and ears and trains in passing from one system to the other at 
times receive current from both stations, and they are also directly 
connected together at the time of transit through the shoes on cars 
passing over the gap. 

Storage Batteries .—The introduction of the storage battery 
on elevated work, which is a step in the progress towards high- 
tension long-distance transmission with local sub-stations for rail¬ 
way operation over considerable distances, was made on the South 
Side for the first time in elevated railroad practice. The high 
schedule required, the number of trains in operation, and the con¬ 
sequent heavy demands for current due to quick acceleration and 
aggregated loads produced a somewhat more marked variation in 
the central power plant than would occur with less severe trans¬ 
portation demands. The batteries therefore act as equalizers for 
the central station, reduce the drop of potential on the line, add 
greater reliability to the power supply, and in some measure carry 
a proportion of the pealc load which is characteristic of elevated 
practice, where the great bulk of traffic is carried in the morning 
and in the evening in limited hours. 

Each battery consists of 248 cells, “chloride” type, made by the 
Electric Storage Battery Co., of Philadelphia. Each cell has twen¬ 
ty-six pairs of plates, and they are carried in lead-lined tanks built 
for twice that number so that the battery capacity can be easily 
doubled. 

Each battery has a capacity of 535 kilowatt hours at the hour- 
discharge rating, and can easily discharge fully 60 per cent, above 
this with safety. The nominal charging rate is about one-quarter 
that of the hourly discharge, but of course it can be increased when 
necessary. Some addition to the battery has recently been made 
because of the increased service demands. 

The batteries are placed in multiple with the line without any 
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booster. Their operation is entirely automatic, each one acting 
both as a reservoir for energy and a regulator of the voltage. Of 
course, one practical effect is to increase the capacity of the supply 
system, and in operation the present battery takes the place of one 
unit at the station. 

Car Equipment and Control. —Ai'e come now to the car equip¬ 
ment and system of control—the multiple unit—which is the dis¬ 
tinctively characteristic feature of the whole installation. 

It has been already pointed out that the multiple unit system is 
an aggregation of transporation units of variable size, each equipped 
with the power required to operate that unit at a given schedule and 
under determined conditions, with means for controlling the aggre¬ 
gation from two or more points. This does not necessarily mean 



Fig. 8. —Slow Acceleration with no Coasting. 

that every car is equipped—that depends upon the. schedule and 
the requirements of acceleration—^for the method is equally applic¬ 
able whatever the number of ears that are equipped with motors or 
the number of motorless or "Train-line” cars which are mixed in 
with them. For example: A train can be made up of pairs, each 
of which forms a transportation unit consisting of one motor and 
one motorless ear, so that the train units can be made up of two, 
four or six cars that is, one, two or three couples, thus averaging one 
motor per car in use. Three and five car trains can be made up, 
the third and fifth being a motor car or a train line car. 

In any case, two-motor equipments can be put on one-half of the 
cars, and the balance equipped with a train line so as to get one 
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.schedule, and when it is desired to increase the schedule, motors 
-ana a controller can be added to the partially equipped cars. 

Of course, the finality of the system on roads with frequent stops, 
to get the maximum schedule speed, is a motor on each axle, but in 
a large number of eases, and with pivot truck cars, commercial 
•demands are such that two motors per car is sufficient, and on some 
■service, two motor, or alternate ears only. 

The equipment of the South Side road has been made on a 
mixed plan, 120 ears first being each individually equipped with 
two motors, then thirty ears with a "Train line,^' but without motors, 
■and finally thirty additional cars completely equipped. 

The position and arrangement of the South Side yards, and the 
running of trains into a Y at one end and around a loop at the 
•other, produces every possible aggregation of ears. Hence for the 
•equipment, in order to avoid head and tail switching, and to permit 
-of this variable aggregation, there was one vital condition, which 
■was that, no matter how trains were made up, like hand move¬ 
ment at the end of any ear must at all times mean like track 
morement relative to the operator, and the system of connections 
from one car to another must automatically provide for such a 
result. 

This variation of car aggregation, and the further condition that 
no seat room should be taken up by the motorman, made it neces- 
'sary to provide each car with a movable cab on the platform such 
that it could be left open for the free use of the ordinary entrance 
gate when in the body of the train, and yet be readily closed and 
afford protection to the motorman when at the leading end, at the 
same time allowing free passage from one car to another. On each 
•<3ar, therefore, at the right hand diagonal corners the iron work has 
been removed, and a three part cab constructed, the outer end being 
-a fixture with a drop window, and carrying in the angle formed by 
the platform the initial controlling mechanism, being the master 
-controller for the electrical system, and the engineer^ valves for the 
air brakes. On each side is a door, each hinged in opposite direc¬ 
tion, and folding back one over the other against the header of the 
-car, leaving when in this condition the platform clear, and the 
-ordinary gate in operation. 

When used by the motorman, one or both doors are closed, the 
iron gate swung in place, and a small protecting cab is the result. 

Under one end of the ear, in place of the ordinary truck, is a 
motor truck carrying two 50 H. p. (hour rating) standard railway 
motors of capacity and gearing such as to safely allow the motors 
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to work up to tlie skidding point of the wheels with 60 per cent, of 
the weight of the car equipment and load upon them. 

The motors are of the General Electric manufacture^ and of the 
usual Sprague suspension. 

In the hood of each car is a controller for the motors, enclosed 
behind a trap door which can he lowered for ready inspection. The 
controller is of the multiple-series type, is driven by a small pilot 
motor, and provision is made for at will or automatically produc¬ 
ing a step by step, or interrupted, or periodic forward movement 
of the controller, and a continuous or interrupted return movement 
of it to the off position through various automatics connected with 
the pilot motor and the initial control circuits. 

In addition to the current-varying controller, there is a main 
reverser, likewise operated by the same agencies as the pilot motor, 
for determining the direction of the current delivered to the motors, 
and for instantly opening the circuit of the motors in case of 
emergency. 

Inside of each cab is a small master controller or operator's 
switch mounted on a standard, and fastened to the woodwork of 
the cab. Through this master controller the pilot apparatus of the 
current-varying controller and the reversers are governed. It is 
provided with a movable handle, operating a spring-retracted 
spindle, which through various degrees of movement makes con¬ 
tact with the reverser circuit and with three determinate positions, 
coast, series, and multiple. Momentary contacts on these various 
points give any desired intermediate position of the main con¬ 
troller, which has a stepped movement. In order to maintain the 
controller at any point, or to keep the governing circuits or train 
lines energized, the handle of the master controller must be held in 
position. If the handle is released, whether from accident or de- 
sign, the spindle instantly returns to coast position, and the con¬ 
troller automatically returns to the off position and cuts off the 
current, or if the master controller is allowed to go to the center 
position, the reverser is instantly opened, and the controller then 
comes to open circuit also automatically. 

The arrangement of circuits is such that by the use of a relay 
and throttle, ^ and the proper inter-connection between the con¬ 
trolling circuits the operator is at hberty to do about as he pleases 
with the master controller, and can rely upon the main controller 
operating satisfactorily. 

_ Por esample: He can go to the series or to the multiple posi¬ 
tion, or, from the last, reverse movement instantly, and the con- 
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troller instead of responding instantly operates progressively, the 
pilot being limited in its movements by increment of the main cur¬ 
rent to or above any definite amonnt. ’ 

The throttle is set just short of the skidding point of the wheels 
on a normal track, allowing 15 per cent, adhesion, and absolutely 
limits the current input to that which is required by the determined 
rate of acceleration. Any rate less than this can also be effected by 
proper handling of the motor controller, so that any movements, 
no matter how refined, are perfectly possible. 

This throttle is in the circuit of one motor only, so that it is 
equally effective whether in the series or multiple position. 

Although there is a master controller on each platform, their 
construction is such that interference with them is difficult, and 
has never been known to occur. Of course, they could be made 
removable. 

So far, the system described is that of a secondary electric con¬ 
trol of a single controller, but by paralleling the relay and other cir¬ 
cuits it is evident that the two or more equipments on a single car 
can be operated, and also that if these equipments are put on differ¬ 
ent cars they can likewise be operated provided means exist for prop¬ 
erly connecting the prime controlling circuits, and ensuring practi¬ 
cal synchronism of the different controls and equal work on the dif¬ 
ferent motors. Where the equipments, however, are on different 
cars, it then becomes necessary to have a ^firain line’" and couplers, 
so that a governing circuit which can be energized at various points 
is made up of a train line individual to each ear and couplers of 
some kind between them. 

This train line is necessarily an independent line, not being a 
part of the main motor circuits on any ear. It can be energized 
of course, from any electrical source, but for convenience the main 
source of supply is the one used. 

This train line consists of five wires, perfectly insulated, made 
into a common cable permanently located in the car, and terminat¬ 
ing at each platform in one or more couplers, in this particular case 
in a pair of couplers, one under each corner of the platform, these 
couplers being shrouded so as to prevent dirt or rain entering them. 

When trains are made up, the train lines are connected by a re¬ 
versible jumper having corresponding wires, and the system is so 
disposed and connected that no matter from which corner the con¬ 
nections are made, or how the cars are reversed or altered in 
sequence, the circuits are automatically established so that like 
track movement is always assured with like hand movement of the 
master controllers. 
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The section of train line in each car is not a part of ihe normal 
controlling circuit individual to the control equipmeiitj but is con¬ 
nected with it with switches which enables a severance oC the two 
systems, that is the local car system and the train line, so tluii no 
matter how trains may be made up it is always possible to discon¬ 
nect the controlling mechanism of any train for any purpose what¬ 
ever. 

The practical result of the system is that every aggregation of 
ears, whether one or more, has identically the same charactiM’istics 
in the matter of load, capacity, motor equipment, rate of accelera¬ 
tion, etc., as are possible with a single ear, and every eombinai.ion is 
made without the slightest thought being given to pairing of elec¬ 
trical circuits. 

Each car is equipped with an automatic air brake system, sup¬ 
plied by Christensen air compressors, with a reserve tank, and an 
'equalising pipe running from car to car, the compinssors biu'ng 
.-started and stopped automatically through an air-governed swil<'h 
hy fall and rise of air pressure. 

On each platform, alongside of the master controller, is a small 
•engineer's valve, so that from any selected cab the air brakes cam be 
'Operated with equal facility. 

A balance wire runs throughout the train, ami is ineludcnl in ihe 
:same coupling that connects up the electrical train line, so that 
when an air governor on any car closes circuit, all compressors start 
and continue in operation until the last governor throws oni. Tim 
is to effect equal work on the various compressors, and to maintain 
absolute certainty of air supply at all times. 

If a train should part, three systems of auioimilies ctoim^ into 
play.^ The reversers go to open circuits, the controllers to ilm off 
position, and the air brakes also automatically operate. 

If the main circuit fails, all reversers open instantly, and the 
controllers must come to the off position, which they will do auto¬ 
matically as soon as current is restored, before ein*rent ea.n again 
be put in the main motor. ^ 

So, too, if there is an instant reversal of ihe master (H)ntroller 
The reversers first open circuit, the controller returns to the off or 
any determined position, then start again, and arc instantly ar¬ 
rested on the first contact. Provision is made so that it is impos¬ 
sible to run backward at more than onedialf speed from any plat¬ 
form when operating from that platform. 

. The ears are of course electrically lighted, and are also provided 
.with electric heaters. 
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For several weeks, on account of lack of equipment, the motors 
on the equipped cars in the morning and evening hours were sub¬ 
jected to a regular increase of load of about one-third and at times 
every motor ear has been in operation. The economy of quick 
acceleration for high schedules has been thoroughly demonstrated, 
and Fig. 7 gives a section of a run which is typical of operation 
when coasting freely. On this test, with ear making fifteen mile 
schedule, and under the conditions of grade and station intervals 
on the South Side road, the energy used at the car was about sev¬ 
enty-three watt hours per ton mile. 

The accompanying inset. Fig. 5, shows an actual run with existing 
station distances. 

Fig. 6 gives an illustration of what is sometimes preferable prac¬ 
tice, particularly in fogs, a quick acceleration to a somewhat lower 
maximum speed, and then operating motors in series to maintain a 
constant or slowly diminishing speed to the point of braking. 

These form an interesting comparison with the curve shown in 
Fig. 8, that of a motor ear pulling three trailers, which is typical 
of locomotive car practice on frequent service. It will be noted 
that the acceleration continues to the point of braking, the most 
uneconomical method of operation. 

A very large number of records have been taken by Mr. Lundie, 
these running into the hundreds, under all possible conditions of 
acceleration and all sorts of motor and trial car combinations, for 
determining the best methods of operation, the highest degree of 
economy under various loads, and for ascertaining track, car and 
gear resistances, resulting in a very satisfactory equation with 
speed and weight as factors. These are conclusive of the benefits 
■of this method of operation, independent of the influence on pas¬ 
senger traffic of high schedule speeds and short time intervals. 

The system was put to the hardest test on October 19th, Jubilee 
Day, and although operating with only 148 cars on nearly twenty 
miles of total trackage, 240 cars per hour were sent into and out 
of the loop at Congress street hour after hour, without a hitch. 
This was done by reversing trains at cross-overs at three or four 
different points, thus intensifying the car movement where traffic 
demands were greatest. At times, 65 per cent, of the one track on 
the loop Avas covered by cars from three different lines. 

On this particular day, when the car mileage was increased about 
SO per cent., and with very heavy loads, the central station had six 
400 H. p. (standard rating) boilers only in use, with but two men . 
in the fire room, and there was no straining of engines, dynamos 
or batteries. 
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As an example of extraordinary duty, the operation during the 
recent holidays may be cited. During a good portion of the time 
the central station is reported by the consulting engineers as operat¬ 
ing as follows: 

Fifty per cent, overload for six hours; full load for seventeen 
hours, and 74 per cent, load factor for twenty-four hours. 

Out of 120 motor equipments designed for individual operation, 
119 were in daily operation morning and night, with twenty-eight 
or twenty-nine trailers, thus overloading the motors one-third, and 
often these trains, coming out of the loop from two to five minutes 
late, have made up time before reaching the end of the run, but 
naturally of course at a loss of efSciency. 

The average duty of this equipment is higher than that of any 
other elevated railroad in the world. Cars have frequently made as 
high as 290 miles a day for days in succession, and the average 
maximum of cars in operation for long periods ran to nearly 100 
per cent. 

Financial, not alone technical, results are a measure of success, 
and a comparison is therefore in order. 

The months of November and December, 1897 and 1898, are the 
first strictly comparative months. 

The road then included "fioop^" operation, 19.44 miles of track, 
in 1897 was operated entirely by steam, and in 1898 entirely by the 
Sprague Multiple Unit Electric System. 

In addition to all ^fioop^^ expenses there is a rental charge equal 
to 10 per cent, of the gross passenger receipts of the road. This 
should be considered really as an interest charge, not as an opera¬ 
tive expense. 

For these two months with an average of 489,979 car miles on 
the main line, the comparative table following shows : 

(a) Eatio of expenses to earnings, includmg 'fioop'" rentals, 
taxes and licenses; 


(b) Eatio of expenses to earnings, excluding 'fioop'' rental, but 
including taxes and licenses; 


(c) Net earnings. 

(a) 

(b) 

(e) 

November, ^97, Steam.. 

.... 87.3 

77.7 

$10,603.80 

N’oTemberj ’98, Electric.... 

.... 57.3 

47.7 

39,448.56 

December, ’97, Steam. 

.... 83.6 

73.8 

14,691.69 

December, ^98, Electric . 

.... 55.0 

45.4 

45,355.68 

The succeeding months show increasing traffic and equally fa¬ 
vorable results. 
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The operating expenses per car mile during hTovember, 1898, on 
the main line, including and properly apportioning to it everything 
except licenses, taxes and rental, were less than seven and one-half 
cents on an average and maintained schedule of fifteen miles an 
hour, with stations 2,080 feet apart. 

So much for the actual results accomplished on the South Side 
road. The question naturally arises: Have there not been dif¬ 
ficulties, and if so, of what character? 

Of course there have been, and I should have been surprised, and 
almost sorry, if it had been otherwise, because it is only through the 
difficulties incident to the earlier operation of a system of this char¬ 
acter that the essentials are fully determined, and apparatus de¬ 
veloped to a state of perfection. 

It is curious, however, that there have been more troubles with 
what is classed as ''standard apparatus’"’ than with that individual 
to the multiple unit control. These troubles were, first, with the 
rheostats, which were of new construction, and later, poor brush 
terminals, cracked gear eases, and with the earlier type of air gov¬ 
ernors. 

With the specific multiple unit apparatus the principal troubles 
were with poorly and hastily wound relay coils, too light and un¬ 
substantial construction of auxiliary contacts, and improper jumper 
construction, causing an occasional opening of the controlling cir¬ 
cuits. 

Taken all in all, however, the president and superintendent of 
the road state that there were less troubles than when starting 
with their compound locomotives, and on the whole the success of 
the road has been unparalleled in electric railway history where so 
radical a departure has been taken. 

Essential Features of Elevated and Sulurlan Railway Equip¬ 
ment.—Goming to hTew York conditions I may say that, based 
upon the Chicago performance, and allowing for difference of coal 
cost, the Manhattan road, now operating at twelve and one-half 
miles actual schedule during time of maximum load, and making 
about 43,000,000 miles annually, can be operated at over a sixteen- 
mile schedule at not exceeding nine cents, instead of 11.9, and 
on the existing mileage this would mean a saving, excluding in¬ 
terest on investment of about $1,250,000 per annum, or allowing 
interest on investment of about $750,000, to say nothing of any 
other gains. A seventeen-mile schedule can actually be made with 
two motor equipments. 

In closing, perhaps I may venture an opinion as to the general 
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features which should characterize a suburban passenger railway 
equipment. I think it may be safely stated that the first is the 
use of the continuous current in the motor equipment in spite of the 
claims which have been made and the results accomplished with 
alternating current motors, at least so far as we can judge by any 
present developments. 

The problem then is whence shall be derived this continuous cur¬ 
rents, and that depends upon distances. For moderate distances, 
continuous current generators supplying current directly to the 
line, with or without the addition of storage batteries, is preferable. 
When the extent of the line becomes at all serious, then it must be 
considered as made up of a number of shorter sections joined to¬ 
gether, each of which derives its principal source of supply from 
a local station, which station can be driven directly by water or 
steam power, or by an alternating current from a distant station, 
using a motor-dynamo combined in a single type of machine, the 
rotary converter, or joined in the form of a directly coupled set, the 
dynamo end being for continuous current and the driver a syn¬ 
chronous or induction type of motor. 

Generally the sub-station should be supplemented by a storage 
battery, to take care of fluctuations in the load, to even up the duty 
on the sub-station and as far as possible at the central station, and 
to take care of some portion of the peak load caused by abnormal 
variations in the aggregate service at different times of the day. 

Of course, with the storage battery comes the necessity of a means 
of some kind of automatic regulation; there are various methods, 
but I will not enter into them here. 

Looking forward, however, to a perfectly assured future of a 
heavy service over considerable distances, I may state that the gen¬ 
eral equipment of such a road should generally involve the follow¬ 
ing essentials: 

High potential alternating current transmission from one or two 
well placed central stations, with or without static transformers. 

Motor-dynamo sets, or rotary converters at a number of con¬ 
veniently placed sub-stations, to convert high pressure currents into 
continuous currents of about 600 volts pressure. 

Storage batteries of quick charge and discharge capacity, gen¬ 
erally at the same sub-stations as the motor converters, to equalize 
their duty and to' prevent sharp variations in the general plan as 
Melbas the sub-station. 

A system of feeders and main conductors. 

A power rail or trolley wire supplying continuous current, but 
ordinarily without any switching of currents. 
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Individual transportation units with a multiple unit control^ 
so that combination of cars without regard to sequence cr end re¬ 
lation can be made up at any portion of the line independently, 
and controlled from any selected point. 


Discussion. 

Me. John B. Blood:—I would like to ask the maximum accel¬ 
eration obtained in either pounds per ton or feet per second. 

^ Me. Speague: —I cannot answer definitely as to present prac¬ 
tice, not having been there for months. I have seen a number 
of records showing an average mile-second rate up to time of 
cut-off, and for the first seven-tenths of speed, before working on 
the motor curve, a one and a half mile-second rate. 

Me. Blood:—D o you get as high as 100 pounds per ton? 

Me. Speague:— Yes, we do that quite easily. 

Me. Blood: —I know you can, but I was wondering if you do. 

Me. Speague: —Yes, I think so but I haven^t the records with 
me. I think very likely there are some gentlemen in the room 
who have been making tests on the road who can answer that 
question better than I can. We have gone up to the slipping 
point of the wheels, which would be 300 pounds for each ton 
on the drivers with normal condition of track. We do not force 
the machines to quite that extent. Being a two-motor equipment 
with double trucks, we average 61 per cent, pn the drivers, and 
that does not vary with the load more than about three per cent, 
either way. Fifteen per cent, adhesion gives 300 pounds to the 
ton if everything were on the drivers. We can certainly work to 
over one hundred and fifty pounds actual pull. 

Me. Blood:—I notice some of the best tests in braking give 
as a maximum about 200 pounds. 

Me. Speague: —Of course, in braking we have every wheel in’ 
operation, and also all our weight. If we should work up to 
the slipping point, we would have 180 pounds, provided the track 
is in good condition. We do not work quite so high, for that 
would leave no margin. 

Me. F. Y. Henshaw:— ^I would like to ask Mr. Sprague how 
he takes care of the possibility of accident to the small motor., 
Suppose you were running and the’ master controller was turned 
off, and for some reason or other the main controller does not turn 
off. Something happens to the small motor; what takes care of 
it then ? 

Me. Speague: —That could not well happen on all the cars at 
once. There is no possible excuse for small motors being made so 
that they are not reliable. This particular controller will handle 
two 50 -h;. p. motors, each of which is guaranteed to work up 
to 100 ,H. p. It is not a very large,piece of apparatus—in fact, 
about the size of an ordinary street car controller. 

To operate one of these requires an eighth of a horse power 
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pilot. This pilot rims cold^ because it only operates spasmodically. 
It has only a fraction of the duty a fan motor of the same rated 
capacity has. 

But let IIS assume the possible condition of a jammed controller. 
* otiimg disastrous trill happen. If we wish to open the circuit, 
ve can do it instantly on the reverser without regard to the main 
controller, and, having once opened, it is impossible for that par¬ 
ticular reverser to come back until its controller has been returned 
to ^any determinate position it is set for. The reverser circuit 
pa^faete t rough split paths. The initial path is through a contact 
the mam controller, which when the controller has 

^ supplemental circuit 
^ current m the reverser circuit itself has mean- 

while been made, which maintains that circuit although the original 
Sierp ^ supplemental contact for any reason opens, 

mta Li “ «” tkat c.; 

Sit f comes to any required position, gen- 

three or four^flrl contact position. Of course, if there are 
out and iZ Ta f ^ T’ eq^Pment can he entirely cut 

moto“ if i/f™ speed made by forcing the balance of the 
tS ThiVnL!:Ku? w pay little attention in prac- 

tn n= k + w-as one of the first things which occurred 

Si E'l “hpSJs 

paid to itmSlEiriJg at'klEdf^th?'*' '“"U >>« 

patcher thev report that ou ^ nF\ • ^ 

operating. The train does not stopfiTy^on mS"tf 

operation, one can oupu ^ When the ear is in 

4 othe;- SeTff 

balance of the equ^pientTe^ 

protecting the maehSef ‘^°™*®^-®lcctromotiye force of course 

to^eEoTtSSEdEStrifo? not ■ 

tion of this intricate autom«tin ^ maintenance and opera- 

.t tie eod of ooe'EtraEEdT/E-E' 

It i, WijTo.aSTfE.So^i.ni’lE^^d'r' 

*' “ *” “P so ‘•'t ‘0 stroei car precedent.. There 
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TT the city of N^ew York, and few in the 

United states, amounting, perhaps, to 40,000, but that has two 
motors and two main controllers. The motors are identically of 
Q ^h^acter and general -construction as those used on the 

bouth bide Elevated Eailroad, and difer only in size. Certainly 
so ar as depreciation of motors and gears are concerned, it should 
be less than on ordinary street ears, because the motors are out 
ot the mud and they are better protected, and the duty is less 
severe, for they do not stop and start so many times. 

I have heard this bugaboo raised many times, but really it is 
ardly serious enough for me to pay any attention to it, nor indeed 
or any one else who is familiar with modern motor construction 
and use. 

There is only one main controller on a ear, instead of two. 
1 he ordinary working parts, that is, of the model before you, are 
identically the same as those of an ordinary controller. Conse- 
quently there is nothing so far which introduces a new factor, and 
whatever the practice is on street railways is certainly good on an 
elevated or suburban road. 

As to the pilot motor and its limits. What, may I ask, is the de- 
preeiation on a fan motor which runs oftentimes 24 hours a day and 
in the rnost out of the way and forgotten places ? The construc¬ 
tion of this pilot motor is practically the same, only better There 
IS nothing remarkably unique about it. The contacts which 
interconnect its circuits carry the same current as the master con- 
train line and jumpers; the fraction of an ampere. 
The master controller has two moving parts, a removable handle 
and a cylinder formed of two eastings, and some contact fingers 
of an ordinary type. 

The relays could not well be simpler. They are plunger mag- 
cores carrying loosely mounted self-adjusting copper disks 
which impinge against rigid contacts through which are made the 
pilot motor circuits. Surely one cannot speak seriously ofgreat 
depreciation in apparatus of this character. 

The wiring of a car is actually simpler than on an ordinary 
street ear, there being less work and less material. The train 
line is of permanpt character, much like that of the lighting 
circuits, and there is only one set of main motor cables. 

As to the jumpers, I have already said we have had some trouble 
with the breaking of wires, caused by mistakes in the early practice 
of making up the cables. Practice, however, has taught the trick 
of making these right, but how they are really constructed is a 
matter T prefer not to discuss at present. I think it may be fairly 
said that there is less liability to trouble with them ^hsn with 
an ordinary air hose. 

Speaking generally, there does not begin to be the complication 
there is in an automatic air brake system, and yet I do not hear 
any one inveighing against the practicability of the latter. 

As to ordinary inspection and care on the multiple unit system, 
one man can easily look after the master and main controllers and 
circuits of 25 or 30 cars. 
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Blood: —It seems to me the argument has been motor for 
motor, and controller for controller per se. Would it not neces¬ 
sarily be a fact that if you had ten motors and ten controllers that 
you would be liable to have proportionately more trouble than 
with four motors and two controllers in proportion to the number 
of pieces of apparatus ? 

Speague :—Possibly I am more of a railway than an elec¬ 
trical engineer. To my mind there is something more to be sought 
in railroading than the saving of a pound of coal or a dime in 
inspection or repairs. It is to catch the passengers nickel^ and it 
does not take much variation on a road to determine its success 


or failure. If you put the abstract question of whether it is 
cheaper to take care of one motor with one controller than several, 
that is, of course, in general true. It would cost less perhaps to 
have one chair in this room for everybody to sit on, but it would 
not be so convenient. Wou cannot operate a railroad under a 
flexible system which gives you absolute independence in train 
units and train intervals unless the ears stand on their own bottoms. 
They cannot be pulled around by the head by something else. 
To borrow a phrase, we cannot much improve on the Creator. A 
caterpillars legs were not put under his head with instructions 
to drag his body behind him. He gets along, not on all fours 
alone, but on all multiples. 

The proof of the pudding is in the eating thereof. Despite 
all the dismal prophecies of failure—and there were, as you are 
well aware, plenty of them—we have been running sixteen thou- 
sand to twenty thousand miles a day, and performing a service 
unequaled in electric railroading. 

^ curious misconception of the practical require¬ 
ments of railroading, a tendency to make it simplv a problem 
of moving a fixed length of train a certain distance. The railroad 
man has not simply a clear and exclusive right of way from one 
point to another with the necessity of all people to come, because 
It he has a good thing another man will come along and build 
alongside of him. Consequently the manager who 
proposes to keep the passenger has got to give him the utmost 

fu quickest transit, in- 

?P time he gets on the platform until 

he gets to his destination, and it is that frequency of service which 

successful competitive railroading. ISTo oL 
would think of operating on Broadway or Sixth avenue a six- 
ear train at six times the interval of their present ears Some 
fn the congestion of traffic, they^ will probably have 

to operate yvo ears together, otherwise a longer unit but maintain 
the same characteristics of acceleration. maintain 

should like to inquire the relation of the 
^ multiple unit system. 

nn?sVstem ^^^essary for the success 0 /the multiple 

mit system There are a good many railroads running indenend- 
ent cars without a storage battery. We all know that in any 
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S} stem, of transmission, of power the more even the output the 
better it is for the eentral station. The South Side road ran for 
a long time without any storage battery, which was not proposed 
as a part of its original equipment. The eentral station was laid 
out for a larger equipment than was first installed. 

The road actually required 145 to 150 cars in operation, in¬ 
cluding those on the loop, but not including cars on reserve, which 
ordinary conditions of painting and general repairs determine avS 
at least 10 per cent., and some think even more, of the total 
equipment of a road. Only 120 cars were equipped, and the road 
ran under these conditions until finally there were about 150 cars, 
including 30 partially equipped cars, in operation, more than there 
was central station capacity for. Consequently they finally con¬ 
cluded that the quickest way to get additional capacity was to put 
in a storage battery, which would help to equalize the load and 
to take a part of the peak. I would say in general, however, that 
the introduction of a storage battery is advisable on any elevated 
or suburban road, and, in fact, on any electric railroad when its 
capacity is to be increased. 

ISTo one here should misunderstand the position I have always 
taken with regard to the storage battery. For a long time it was 
an impracticable piece of apparatus, but when people got tired 
of fighting patents, and, with a fund of increased experience, settled 
down to build a practicable battery—realizing that its proper func¬ 
tion for railroading was, as I have time and again stated, primarily 
for regulation, that is, for quick charge and discharge, and for 
use on peak loads ^"for short time duty only—then it became a safe 
and advisable adjunct to a railroad when put in under proper 
guarantees. 

The question about the storage battery seems to have been 
asked because of the impression that on a multiple unit system 
there is necessarily a large current input on a train, which system 
per se as ought to be perfectly evident, has nothing to do with it, 
because properly it is simply a semi-automatic system of control 
which permits of the aggregation of a number of transportation 
units. That aggregation does not fix the rate of current input, 
and for any ordinary schedule, no matter what, the weight on the 
drivers, a less than the maximum rate of acceleration can of course 
be adopted. The speed of the main controllers is not a fixture. 
The current input is determined by an adjustable throttle which, 
whatever ,the carelessness of the motorman, permits of any pre¬ 
determined slowness in the rate of acceleration, and whatever the 
maximum rate allowed, it is still possible for a motorman to 
adopt any lower rate at will. In fact, finer and more even grada¬ 
tions of current input is possible where dealing with smaller cur¬ 
rents on individual main controllers than where the whole is aggre¬ 
gated in one large one, as determined by the practical limitations 
of construction. . . . , 

Me. Blood:—I am very well aware of the schedule and the 
frequency with reference to the operating, and also the fact that 
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if YOU have a system which operates at 50, 60, 70 or 80 per cent, 
of the income, that it pays to do everything to increase the traffic 
with a given plant as long as the ratio of the percentage increase 
in receipts to the percentage of increase in the operating expense 
total is not less than the ratio of operating expenses to receipts. 
But the point is, do you not claim a great many things for the 
multiple unit system, as a system, which accrue to the system, 
not on account of itself, hut on account of the increased speed 
which you obtains For instance, on the Chicago South Side you 
have ten motors of 50 h. p., which makes 500 H. p. If you 
put the same amount of power on the front ear in four 125 H. P. 
motors you can get the same pounds j)er ton and the same ac¬ 
celeration and same speed. 

Me. Sprague :—How are you going to do it ? How actually 
make use of the power available. 

Mr. Blood: —For instance, the present Metropolitan West Side 
has two 100 H. p. motors on the front ear, and they have made 
a schedule speed of 12i miles an hour. They never slip the wheels 
under ordinary acceleration, and they run up to 55 or 60 pounds 
per ton. If you put on four motors of 125 h. p. you will get 
the same torc[ue, the same pounds per ton weight of train as vou 
get now with, ten motors, and you would have therefore the same 
schedule speed. I believe the South Side runs on a little less than 
lo miles schedule speed. 

ilR. Spkague :—They run at 16^ miles when they have to. 

Me. Blood:— But I mean the regular schedule on the road is 
a little less than 15 miles, and the regular schedule of the Metro¬ 
politan and Lake street roads with the two motors, which handle 
three cars, is a little over 12 miles. It seems perfectly feasible 
uyou put four motors and increase the capacity of each motor 
20 per cent, that you could get the same schedule as you do now 
with the South Side trains. 


Mr. bPRAGUE: lou seem to forget that when you concentrate 
the capacity of motors, be it 500 or 6,00 ir. p., whatever you please, 
on one ear of a five or six ear train, you have not the same ratio 
ot weight on the drivers, and consequently you cannot get the 
Sto thfetr '' impossible, unless you pile pig lead 


on the drivers, 

but if si^eient weight is on the drivers to get the pounds per 

schedule, sufficient is enough. ^ 

I think I will "stand pat” on the proposition 
that for all round duty you cannot count on more than 15 per 
cent, adhesion of steel against steel, and that there are many tinfes 
in fogs and other conditions, when you do not get tha/ Tt i« 
always advisable to have a resmve. You should be^Sle to sli« the 

road, as we soSettMs. 

y per cent, of the total weight of the drivers. If vou should taS 

Shi iT r r^’ Motors, yorcan 

shp the wheels as long as you please and you will probJbly not 
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break down the motors, but you do not reach the practical limit 
ot acceleration winch is comfortable. I care not how fast it is, 
so long as it is done evenly, there is no rate of acceleration possible 
even with 100 per cent, on the drivers, which is not perfectly 
leasible so far as passengers’ comfort is concerned, but it must 
not be by jumps, but with a controller that is properly built 
graded and regulated. 

Me Blood I perfectly agree with that statement, and I also 
do not wish to be understood as an opponent of the advantages 
of Jie multiple unit system. But what I do wish to bring out 
IS that the point at which the system gives advantages on account 
ot its increased acceleration is far above that of any system that 
IS in operation now. I worked at a multiple scheme in connection 
With some propositions in Berlin and Vienna, and it might be in¬ 
teresting to know that the scheme proposed by the German com¬ 
panies was with a locomotive at each end of the train, 
abof?" ^ think quite likely I can tell you something 


. Blood:—A nd the chief advantage of the multiple system 

IS the advantage of the splitting up of the train, and not so much 
at the present time the advantage due to acceleration, because the 
point IS not reached in the present schedules where the advantage 
Will show lip. ^ 

Mr. Sprague I quite agree with you about splitting up trains, 
and I think I said quite clearly that I considered the question of 
coal economy, which for_ any given schedule is primarily affected 
by the rate of acceleration, a thing of less importance than in¬ 
dependence in determining lengths of train units and train in¬ 
tervals. The higher schedule speeds for all combinations are, how¬ 
ever, only possible ^th the high acceleration, and hence necessitate 
iiigli ratios of weight on drivers. I must, however, repeat the 
statement that for any given high schedule the svstem which gives 
the highest rate of acceleration is the cheapest system to install in 
total hrst cost, as well as the cheapest to operate. It costs any- 
Vi lere from $200 to $250 per kilowatt for the energy delivered 
to the shoes of a car. It costs from $15 to $20 per h. p'. for the 
equipment put on a ear, including every detail on it. I am speak¬ 
ing in a general way. Therefore, if you can save 1,000 H. p. in 
a large central station yon can afford to put a good many thousand 

H. p. on the ears, and besides yon are going to gain a good deal 
else by doing it. o o & 

Eeferring to the Berlin proposals, it has been only comparatively 
a tew days since I received a letter from possibly the German 
lirm 3 0 U referred to. It was quite explicit as to the plans hitherto 
considered. Their plan of operation—and they are somewhat in 
the air about it—^was to operate four-car trains normally with two 
dead intermediate cars and one locomotive car at each end each 
motor ear having four motors, the motors to be worked in two 
grO'Ups, two being permanently connected in series, and these two 
senes groups worked in series and multiple; that is, on a four- 
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car train, eight motors, every 'pair maintaining a fixed relation. 
The main current was to be carried from one car to the other, 
and a hand control provided for all motors at each end of the 
locomotive cars. In stopping it was proposed to use the forward 
car alone for an electric braking system. Eealizing, however, that 
there are times when the traffic would require more than four cars 
to the train, they were contemplating a possible method of com¬ 
bining two of these four-car eight-motor trains into an eight-car 
train. 

The difficulties experienced were leading them to inquiries into 
the multiple unit system, which is the straightforward logical de¬ 
velopment, and in every way simpler and more effective.^ 

Now I have had a modicum of experience in electric railroads, 
and I am quite ready- to let some other men try all sorts of 
alternative combinations. Evidently these engineers recognized the 
fact that they had to use a large proportion of the weight on the 
drivers, large motive powers, and hence distributed motors, and 
that is what they are proposing to do. That happens to be an 
official statement of facts from the firm which has the contract 
under consideration. 

Me. Blood: —The reason that they were to use the two ends 
of the train was that the German government specified that the 
control must be from each end of the train to obviate shifting the 
motor car at each end of line. In reference to that, the first road 
which the Siemens people were to try it on, which was the Wansee 
road, at the Wansee end they did not have the opportunity for 
switching. I figured out a scheme whereby they could; but the Ger¬ 
man government decided it could not be done, and so they wanted 
trains built that way. I do not think that they considered the distri¬ 
bution of the motors, and the reason they would not allow braking 
on the rear ear was because they were afraid that the train would 
double together in the middle. 

Me. Speague:— In other words, they ran across a lot of diffi¬ 
culties the moment they attempted a combined locomotive car 
system. One of the goods things the German government does is 
to put down certain restrictions. Eeally the broad issue is be¬ 
tween a secondary control and an attempted control with main 
circuits running from one car to another. I am quite content to rest 
on that issue. 

Me. H- Waed Lbokaed: —It seems to me that one of the most 
important points in connection with the question of elevated prac¬ 
tice, as has been clearly brought out by Mr. Sprague in his re¬ 
marks and by many others heretofore, is the fact that a very 
rapid acceleration is a necessity, and that having stored up in 
the train a very large amount of energy represented by that ac¬ 
celeration, it becomes necessary with the practice which has been 
described to waste that energy on the brakes, and it appears to be 
of the first importance for the future development of such systems 
as require such rapid acceleration and stops in such distances as 
2,000 feet or so, as in elevated practice, that a system should have 
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some means of saving a large percentage of the energy that is 
to-day represented by the waste npon the brakes, and I should 
like to inquire whether there is anything for this purpose that is 
in mind, and whether I am not correct in believing that both 
the maximum current and also the total energy which is required 
by the acceleration—the output of the central station—would not 
be very much reduced if a large percentage of energy could be 
restored when the car was brought to rest? Would this not result 
in a very great decrease in the capacity and cost of the plant 
which Mr. Sprague has very forcibly illustrated as being very 
high in relation to the horse-power cost of the car equipment? I 
quite agree with him that thus far a great deal of time has been 
spent in trying to save a few dollars on the motor equipment when 
thousands of dollars are spent without much thought or care in 
connection with the copper and the engines and generators and 
storage batteries, and that more economical arrangements, as re¬ 
gards the use of energy on the ear, warrant a very much higher 
price for the apparatus on the car. I should like to inquire as 
to the question of the energy wasted on the brakes, and whether 
it is not a very large factor in the problem. 

Mb. Spbague : — The maximum speed at which a train is braked 
is what determines the amount of energy thrown away, and we 
reduce the kilo-watt hours per car mile by keeping that maximum 
speed as low as possible. On the South Side road our maximum 
speed is often only 50 per cent, higher than the schedule. We 
actually do a great deal of coasting. On many runs the current 
consumption at the car shoes is only 1.55 per kilo-watt hours per 
ear mile, or from 70 to 75 watts per ton-mile under the conditions 
there existing. I have, in common with all others who are in¬ 
terested in this sort of subject, considered the return of the energy 
that still remains in the ear at the time of braking, to the line. 
Of course there are quite a number of methods of doing it. Mr. 
Leonard no doubt has one in mind. I have had several, and in 
experiments which were tried on the 34th street branch of the 
•elevated in 1886 and 1887 I used shunt machines, and weakened 
the field to increase the speed, and in slowing down strengthened 
the field to send current back to the line. That brought the speed 
-down comparatively low. Then the current was thrown on a local 
rheostat circuit, and the train stopped without any mechanical 
brakes. But the series, motor has certain advantages, one being 
its tremendous overload capacity, and others its speed and com¬ 
mutating characteristics. These have led most railroad engineers 
to use it for the actual conditions of railroad practice, and to 
:abandon the project of putting current back into the line. 

Coming back now to the question of schedule speed, high ones, 
with stations only a short distance apart, are only possible by using 
'a high rate of acceleration, and it is impossible to get it except 
with high weight ratios. Take, for example, the Manhattan road 
dn this city. Its stations average a third of a mile apart. It is 
^making now 12^ miles actual schedule during the time of maxi- 
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mum load, averaging its entire runs. On Sixth avenue below 
50tli street and on the lower part of Third avenue its schedule 
speed sometimes gets down to 11 miles per hour, although the 
average is brought up to 12f miles. It is possible on that road 
to make a schedule of 17 miles with only two motor equipments 
per ear, although that is pretty nearly straining the limit, but it 
is quite practical to make over 16 miles, in other words, to bring 
Harlem abreast of Central Park; that, too, without exceeding the 
present maximum speed of trains, and with a reduction of the 
strains on the structure, which has concerned our city officials a 
great deal lately, but which does not trouble most of us who travel 
on it. It is possible to exceed 16 miles schedule with only about 
25 or 26 miles maximum speed, at not exceeding nine cents per 
car mile total operating expenses, as against 11.9 or 12, their 
present cost. Since they make about 43,000,000 miles on their 
present service; that means a saving of about $1,300,000. I do 
not know what their equipment would, or, rather, will cost; but 
after paying a very fair interest on that cost there could still be 
a satisfactory surplus to the good. All this, of course, is on their 
existing passenger service, without regard to what it might become 
with an improved condition of operation. 

Mk. a. H. Armsteong : — I would like to ask Mr. Sprague if the 
rate of acceleration he is using on the South Side elevated is de¬ 
manded by the necessities of the schedule speed he is making there; 
that is, if the multiple unit system is needed for a schedule speed of 
fifteen miles per hour with stops a third of a mile apart. 

Mr. Sprague : — It would be possible to make that schedule with 
fewer motors and more concentration. They could not, however, 
make the schedule which they will be driven to. Eemember, Mr. 
Armstrong, a road has not always got its path cut out as its rep¬ 
resentatives would like. You have lately been a somewhat strong 
advocate of an increase in the rate of acceleration. You have pub¬ 
lished a number of curves which show the economy of that method 
of operation. I am quite content to accept some of them as re¬ 
liable and as authoritative. There will be, at times, conditions 
of track, of train congestion, and delays in coming out of the 
loop or getting away from stations, such that it will be necessary 
to call on all the reserve power in a train, and to force the motors 
to the limit of capacity and wheel adhesion. Eeferring to the 
Metropolitan road of this city, somebody once made the remark that 
it spared nothing in expense to ensure continuity and certainty 
of service. That is good engineering and sound commercial sense. 
That you shall get your passengers through, and safely, is the 
first requirement. That you shall get them through at the highest 
rate of speed that you can practically, if you are in competition 
with another road, is a second one. There were a good many pre¬ 
dictions of failure of the South Side road. Possibly you remember 
them. The company which you represent refused absolutely to 
take any responsibility in connection with it. It was willing to 
sell me 240 motors and a good deal of other apparatus, amounting 
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to a considerable sum of money. But its orders were strict to its 
engineers that no responsibility for performance other than for 
guaranteed h. p. should be entered into. I would a little rather 
not mention some of the incidents attending the putting in of the 
South Side equipment, but I am free to say that very cordial 
predictions of absolute failure were made in respect to it. 

Ilu . Apmsteong: —Was a time limit set? 

MPt. Sprague: —No, thank you, not much. Twenty-four hours 
were given after the rheostats which I bought failed me, resulting 
in a burned-up car on the road. 1 think that I stated that we 
had more trouble with that which is sold as standard apparatus 
than we had with the apparatus of the multiple unit system, and 
that trouble is not finished yet, as, for example, on such a simple 
thing as gear cases. 

Mr. Armstrong:— That constituted 90 per cent, of your ap¬ 
paratus. 

Mr. Sprague :—The apparatus we bought in various ways. 

Mr. Armstrong: —You will naturally expect that 90 per cent, 
of your trouble would come from outside apparatus, as you stated 
that it constituted 90 per cent, of the whole installation. 

Mr. Sprague :—No. I am not speaking of the money amount. 
It is a good deal more. But I am speaking of the physical troubles 
—the things which would cause delay and worry. On the first 
day I started, with twenty ears, seventeen were suddenly taken 
in because I saw one car going down the road in flames. The 
trouble was that too thick German silver strip was used in the 
rheostats, which were not of my own manufacture. AVhere it was 
.bent around an angle it was fractured; they open-cireuited, shot 
out a flame and set fire to the car. I was worried for a little. I 
pulled of seventeen ears and kept three on, and helped boost a 
locomotive and train around a curve, but this trouble was rectified. 

But temporary troubles characterizing the early development of 
a new system are in the nature of children’s diseases, soon discarded 
for man’s estate. 

You, Mr. Armstrong, and every other engineer interested iu 
serious electric railroading, must sooner or later come to the- 
unqualified endorsement of the multiple unit idea. Please re¬ 
member that prophecy. 

Already your company, as well as others, are swinging that way, 
as is evidenced in the former's April Bulletin on four-motor equip¬ 
ments for pivot truck suburban cars, wherein the advantages of 
high tractive effort and quick acceleration are set forth, four 
motors are recommended instead of two of the same aggregate 
'capacity, and the efficiency and relative cost of maintenance are 
stated to be about the same. 

What are the new electrical and commercial conditions which, 
when the aggregate of traffic makes necessary the grouping together 
of such cars into trains, a time when the demands are surely no 
less, lead to a reversal of engineering conclusions ? 

Again, for train operation, two 4-motor locomotive cars, with 
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synelironous control^ have been recommended more than once, and 
what is this but a mongrel kind of mnltiple unit sj^stem ? 

It is impossible to stem the advance. The locomotive car, as 
well as the electric locomotive pure and simple, is doomed for the 
class of electric railroading we are considering. 

I think I may fairly say that I have not recorded many failures 
in prophecies on electric railroading, and I have been making them 
for sixteen years, during which I have never hesitated to back a 
prophecy with every dollar I had, and also Avhat my friends saw 
fit to add. 

Mb. Abmstbon'G: —I would like to ask another question of Mr. 
Sprague. 

Mb. Spbague :—I am a good subject. 

Mb. x4BMSTR02^rG:—You spoke of the facility with which you 
could make up a train with a multiple unit system; that any car 
could be put in any place in the train. I want to know how they 
manage with the smoking cars in Chicago, whether you keep one car 
there as a smoker or whether you can use any car as a smoking car ? 

Mb. Sprague :—On the South Side road certain cars are marked 
smokers, and used as such. 

Mb. Armstboistg: —They occupy a certain place in the train? 

Mb. Sprague:— I donT know what their present practice is. 
Perhaps Mr. Shepard can say. 

Mb. Shepard :—One end or the other. 

Mb. Sprague: —I hope the time will not come in Yew York 
when ears will have to be provided for smokers. 

Mb. Armstboistg: —I simply want to bring out the point that 
you cannot make up a train with utter disregard of any ear con¬ 
stituting the train; that is, if smoking ears are used they must 
occupy a given position in the train and some care must be ex¬ 
ercised in making up the train to see that the smoker shall occupy 
a given position. 

Mb. Sprague :—I do not mean that if you had a parlor and 
a baggage ear and wanted to keep them in a certain order you 
could change their character. What I did wish to emphasize was 
a condition of actual practice, and the fact that so far as control 
is concerned the end relation or sequence of cars is a matter of 
indifference. 

The South Side Elevated Eailroad has a loop at one end, an 
open ended relay at the other, and a yard somewhere between from 
which cars can go out in either direction. It is therefore absolutely 
certain that as ears are made up into trains, and as they are in¬ 
spected or repaired, they get mixed up, that is, it is impossible to 
maintain any fixity of relation between them. To-day, for ex¬ 
ample, the motor ends of two cars may be similarly headed, but 
to-morrow one of them may be reversed and another car intro¬ 
duced between them, and so on. Curiously enough, this fact seems 
to have been ignored by every one of late who has been attempting 
to devise a multiple unit system. 

The yard man who makes up a train is not an electrical engi- 



1699 .] 


DISCUSSION IN NEW YORE, 


243 


neer _5 nor a doctor of physics. He does not carry around a kit 
of testing instruments, nor a book of diagrams, but oftentimes 
amuses himself by hammering the track with a jumper, or in mak¬ 
ing unquotable remarks. Hor is the motorman a scientist. What 
they both must know is that when a train is made up, and the 
handle of the master controller is moved in a certain direction 
relative to the platform, that that motion is followed by a cer¬ 
tain corresponding track movement, and with the least possible 
thought or calculation on any one’s part. 

Mr. Armstrong:— I think you rather digress from the point 
I wms trying to emphasize; that is, if a train consisted of a motor 
car and three or four trailers, the .motor car would occupy nearly 
the same relation to the train as the smoking ear does now, and 
the trail ears would be in the same condition as your other cars. 

Mr. Sprague :—In other words, you would subordinate the 
road to the necessities of the smokers. 

Mr. Armstrong :—Ho. 

Mr. Sprague: —As a matter of fact, they run the smokers in 
that particular ease at either end of the train. 

Mr. Shepard: —The smoker cars are distinctly marked. 

^ Mr. Sprague :—Of course. I expect arguments against the mul¬ 
tiple unit system, even if they must be oftentimes trivial. I cannot 
hope to have everybody agree with me, but I find a good many who 
are coming that way as fast as their dignity or associations will 
permit. 

Mr. Armstrong: —I was asking for information, I was not ar- 
guing. 

Mr. Blood: —In connection with the question brought up in 
reference to the return of power to the line, I would like to bring 
up a point which came rather curiously in figuring on a road. 
It was a road having a constant 5 per cent, grade. I said to my¬ 
self, here is a good chance to figure on a system of putting power 
back into the line. There was only about fifteen per cent, of the 
whole road that was level. In the scheme I figured out I found 
that, owing to the fact that the efficiency doubles on itself—^that 
is to say, in putting the power into ,the train you could not get 
greater than 70 per cent, efficiency from the line to the rail (that 
is a good high efficiency under ordinary running conditions, not 
including the stops); if you get 70 per cent, that way and 70 per 
•cent, the other way, the most you can save is 49 per cent., and 
I figured out in this case, taking the whole thing into account, 
that the amount of power saved, even though we were going to 
use water power with auxiliary storage batteries, that the interest 
•on the extra expense would not equal the amount saved. If you 
remember, in connection with this question, on one of the diagrams 
which Mr. Sprague had on the screen here, the braking point is 
much less than the maximum speed, and when it is remembered 
that the energy varies as the square of the speed, and when it 
also is remembered that you must take something less than 40 per 
•cent, possibly saved of the total, figuring out the amount of energy 
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that is in the brakes and the amonnt of energy that could be saved 
in the brakes, it will be found that it is an insignificant amonnt 
of the total energy used—something less than 10 per cent. ^ 

Me. Leonard; —I think that it is a little out of the line of 
discussion to debate a point of this nature; but I will just say 
briefly that I think the last speaker has made a great error in 
assuming that if you did restore energy to the line the proposition 
would be true that it would be an economy to operate at very high 
acceleration and then coast; because the entire argument in favor 
of coasting as an economy is based on the proposition that you 
cannot restore energy to the line, and if you could operate with a 
system which did restore energy to the line the result would be 
that you would avoid these very extraordinary peaks of energy 
and also reduce greatly the capacity of your plant and the amount 
of energy in kilowatt hours that is used. Of course, it is entirely 
correct that you could not save more than 50 per cent. That is 
quite readily granted. But I think 50 per cent, is a great deal. _ 

Me. Speague :—Fifty per cent, cannot be saved. It is im¬ 
possible. 

Me. Blood Fifty per cent, is the theoretical hmit. 

Me. Speagde :—^You have not only got the train under way, but 
you have to carry it over the road. What you can put back on 
the line is actually measured by what the speed of the ear is at 
the point of braking. The quicker you get under way, the less 
the maximum and the braking speeds. 

Me. Leonard Your speed should be the highest when you put 
on the brake, if you can restore energy to the line. 

Me. Armstrong: —In this ease the duty on motors would be 
double, and the first cost of the apparatus per car, instead of 
$15 to $20 per kilo-watt would probably be $30 to $40. 

Me. Leonard:— If the cost of the engines, generators, copper 
and batteries, amounting to over $300 per kilo-watt, is cut in two, 
you would have a pretty big-saving in the first cost, in addition 
to the saving in operating cost. 

Me. Speague -.—There is a field for somebody’s energy. I have 
been trying for fifteen years to find a practical method. I have 
never found one which would warrant the expense. The condi¬ 
tions of railroading are arduous. The speeds are variable, they 
are not constant as they are in certain classes of power service. 
I must confess that on railroads power return has generally been 
a failure. I have given up much hope of returning energy to the 
line, that is, from a commercial standpoint. It is possible from a 
theoretical one. 

Me. Leonaed :— I should like to ask Mr. Sprague if he can give 
us any information, whether he is at liberty yet to give informa¬ 
tion, as to the methods by which he obtains the end to end turning 
of the ears without confusion. 

Me. Speague :—^I should rather be excused. It is a point which 
has generally been overlooked. Of course it lies in a fundamental 
system of connections. It is scarcely a thing which I can hope 
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to keep to myself; at the same time I would rather do so for 
the present. 

Mk. Blood :—I would like to have, as a matter of record, what 
speed it is thought we will have to resort to in multiple units to 
get a higher acceleration. According to niy figures, I place this 
schedule speed at about 20 miles per hour with ordinary distance 
between stations, 2,000 feet. 

Mr. Sprague:—Y ou mean what is possible? 

Mr. Blood: —No. When it becomes necessary to change from 
the locomotive system to the multiple unit system in order to get 
the schedule speed. 

Mr. Sprague :—I cannot answer that off-hand. It is simply a 
question of kinetics. It depends on grades, curvature, distance be¬ 
tween stations and length of train. As I said a moment ago, there 
are a good many questions involved besides schedule speed, ques¬ 
tions of flexibility of service, distribution of weights, strains, etc. 
It is really a comprehensive engineering question on any road. 
When a man starts out he should determine what he wants, and 
then adopt the most effective method of getting it. 

The President :—If there is no further discussion a motion 
to adjourn is in order. 

On motion the meeting adjourned. 


APPENDIX. 


Chronology op Modern Electric Train Operation from 1880 to 1899. 

1880.—Edison built and ran at Menlo Park an electric locomotive, and subse¬ 
quently designed some others. 

1883.—Daft at Mt. McGregor ran the Ampere, pulling one car, and Field, at 
Chicago, the Judge, also pulling one car. 

1884-5.—Vandepoele at Toronto, and later in 1885 or 1886 at Minneapolis 
pulled trains of cars with an electric locomotive. 

2335 ^—Daft, at Baltimore, operated a locomotive and trail car, subsequently 
increasing the equipment, and on the elevated road pulled a train 
with an electric locomotive for experimental work. 

December, 1885.—At Society of Arts, Sprague stated some of the possibilities 
on the elevated railroad, and pointed out the advisability of putting 
motors under each. 

j^336,_Sprague built the first locomotive car. This was intended for experi¬ 

mental work on the elevated road, but was abandoned before the 
motors were completed. 

1330 ^_About this period the Khode Island Locomotive Works, under direction 

of Bentley & Knight, designed a locomotive for rapid transit train 
operation, but it was not built. About this same time Stephen D, 
Field designed an electric locomotive for the same purpose. 
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1886-87.—Sprague operated a standard elevated railroad car with two single 
reduction motors, axle centered, and with one end spring supported 
from the truck body, on the [34th street branch of the Elevated Rail¬ 
road and also pulled a trail car, and prior to this, a platform car with 
the same motors in the Durant Sugar Refinery on 24th street, New 
York. This was followed by the Richmond equipment, the beginning 
of the modern development 

November 4, 1890.—City and South London road opened. Originally designed 
for cable. Light trains operated by electric locomotives having two 
gearless motors with the armatures rigidly mounted on the axles of 
drivers. 

1892.—Sprague, Duncan & Hutchinson designed, afterwards building it, a 
sixty-ton electric locomotive for experimental work in connection with 
the North American Company. It was not put to use. 

February 4, 1893 —Liverpool Overhead Railway. Operates two-car trains, each 
car having one motor disposed at the leading and back ends of the 
couple, the two cars being kept together as a unit. Hand control at 
each end. 

Spring of 1893.—Under the general supervision of Mr. W. E. Baker, assisted 
by Mr. B. J. Arnold, in charge of the steam plant, and Mr. Charles 
H. Macloskie, in charge of the car equipment, the Intramural Rail¬ 
way was constructed at the World’s Fair. The Greneral Electric 
Company were largely interested in this enterprise. Pour-motor cars, 
with hand control, were used to pull three trail cars, this plan of dis¬ 
tributed motors under the passenger car having been advocated by 
Mr. Baker in opposition to the general opinion then in favor of elec¬ 
tric locomotives. The third rail supply with the flexible sliding con¬ 
tact shoe, was here used for the first time, and the road may be said 
to be the first real practical train operation on any serious scale in this 
country. 

November 3, 1893.—The General Electric Company’s engineers in a communi¬ 
cation to Colonel Hain, general manager of the Manhattan “ L,” rec¬ 
ommended eight car trains to be pulled by a single forty-ton four- 
motor ear, guaranteed an increase of 14 per cent, in schedule, and 
stated that the motor car could pull thirteen-car trains as easily as 
present steam locomotive could pull five cars. 

Proposed potential of about 600 volts, direct supply, unspecified 
number of stations, and did not suggest alternating currents, boosters 
or storage batteries. 

May, 1895. Metropolitan West Side Elevated Railroad equipped under the 
supervision of Mr. W. E. Baker, and using General Electric Com¬ 
pany’s apparatus, opened on locomotive car plan, using two motors on 
locomotive car. This was the first commercial electric elevated road 
put into operation in the United States. 

June 27, 1895. First of three ninety-five-ton locomotives put in operation in 
Baltimore, by General Electric Company for pulling freight and pas¬ 
senger trains through B. & 0. tunnel. 
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September 20, 1896. Lake Street Elevated Railroad, which had been operated 
since October, 1893, with steam, began electrical operation, plans 
similar to those on the Metropolitan. 

February 1, 1896. (Daily paper.) Electric Storage Battery Company of Phil¬ 
adelphia, described and proposed a storage battery locomotive to pull 
trains, storage batteries to be used in combination with current from 
third rail. 

February 8, 1896.—(Daily paper.) Sprague, in reply to strictures on the ca¬ 
pacity of electric motors in a daily paper, offered, under $50,000 for¬ 
feiture, to equip a train which could be pulled by a locomotive car, 
and also by motors under each car simultaneously controlled, and to 
make a speed of forty miles an hour on express service. 

April 17, 1896. In interview in daily paper, Westinghouse, on behalf of the 
Westinghouse Electro-Magnetic Company, with what was called the 
Westinghouse-Wheelless System, proposed for all elevated and su¬ 
burban roads the use of a contact pin system and the continuous cur¬ 
rent. At the same time it was stated that in ten days public demon¬ 
stration was to be made to demonstrate the success of the Tesla alter¬ 
nating current motor for this purpose. 

May, 1896.—Nantasket Beach Railroad put in by the N. Y. and N. H. R. R., 
under the supervision of Colonel Heft was opened—used Genera^ 
Electric apparatus and a locomotive car carrying passengers and pull¬ 
ing a trail car. 

June 6, 1896.—Sprague proposed to Messrs. Gould, Sage and Galloway, special 
committee of Manhattan Elevated, to make demonstration equipment 
of multiple unit system. 

July 16, 1896.—Exhibition by Westinghouse of contact pin system, made for 
benefit of Manhattan officials. 

November 29, 1896.—Under the supervision of Mr. C. B. Martin, electric ser¬ 
vice was instituted on the Brooklyn Bridge R. R. Twenty motor 
cars, each equipped with four General Electric Company sixty-two 
and one-half h. p. motors, and hand control replaced the steam shift¬ 
ing engines, and were used in connection with the cable. 

December 10, 1896.—The General Electric Company throuirh its western office, 
proposed to the South Side Elevated Railroad an equipment of three 
and four-car trains, one of which should be a locomotive car having 
two motors, and six-car trains, one of which should be a locomotive 
ear having four motors, guaranteeing ihat on the first combination 
thirty-five miles an hour could be made, and on the second, forty-five 
miles an hour between stations 2,000 feet apart. No central station 
system was described, either alternating or continuous, or any poten¬ 
tial determined 

December 10, 1896.—The Walker Manufacturing Company proposed to the 
South Side Elevated Railroad a system as follows : 

Continuous current, station in middle, pressure 600 volts, three and 
four-car trains, one being a locomotive car having two 125 H. p. mo- 



248 


SPRAGUE ON MULTIPLE UNIT SYSTEM. [May 16, 


tors, and guaranteed to saye seven minutes in the trip from Congress 
street to 63d street, a distance of about eight and one-half miles, 
that is, to make a schedule of nearly nineteen miles. 

February 14, 1897.—Sprague again stated the possibilities of the multiple unit 
system to the Manhattan road, and again oifered to make a demon¬ 
stration equipment and to work up to eight-car lengths under every 
possible condition. 

February 25, 1897.—Sargent & Lundy reported on general equipment for South 
Side road, giving summary of locomotive car proposals and their rec¬ 
ommendation, one of v^hich was to double up trains. 

February 26, 1897.—Potter, engineer of the railway department of the Greneral 
Electric Company, reported to the third vice-president at Schenectady 
his recommendations of a system for the Manhattan elevated, with 
details as follows : 

Direct current, three-wire system, the ears on one track being in 
series with those on the other, 660 volts on each line, and 1,300 volts 
between power rails on the two tracks, the track rails to be used as the 
neutral wire ; two power stations equipped with 2,900 kilowatt gener¬ 
ators, direct current supply ; five ear trains to be pulled by a single 
motor car with four motors ; possible boosters or storage batteries at 
South Perry alone ; no alternating current, no sub-stations proper, 
and no storage battery regulations at sub-stations. 

About the same date, a system diametrically opposed in almost 
every essential was proposed and recommended to the general contrac¬ 
tors for the Central London Eailway by Mr. Parshall of the British 
Thomson-Honston Company, with the General Electric Company in 
consultation as sub-contractors. 

This proposition opposed the three-wire system, and on about six 
miles of road recommended alternating current machines, four sub¬ 
stations with rotary converters, no storage batteries, five-car trains 
pulled by electric locomotives pure and simple instead of locomotive 
cars. The locomotives are now being built and weigh forty-five tons 
each. The schedule is moderate, and acceleration and braking are 
aided by having the station at peak grades of from two to three per 
cent. 

The Westinghonse company made proposals of something the same 
nature, and the Siemens-Halske proposed the three-wire system, one 
track being in series with the other. 

March, 1897.—Sargent & Lundy issued general specifications calling for alter¬ 
native proposals for: 

Thirty-six locomotive cars each having four 125 h. p. motors. 
Forty-five locomotive ears each having two 160 h. p. motors. 

One hundred and twenty motor cars each having two 35 
H. p. motors. 

April, 1897.-General Electric Company through W. B. Potter, engineer of the 
railway department, proposed to the South Side Elevated Railroad 
four and five-oar operation, one car being a locomotive with four 
motors. 
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April, 1897.—Westinghouse Electric & Manufacturing Company proposed to 
South Side elevated operation of five-car trains, one being a locomo- 
motive car equipped with four 125 h. p. motors, and guaranteed to 
make an eighteen-mile schedule. 

April 7, 1897.—Sprague as consulting engineer condemned the locomotive car 
system for South Side road, and recommended the adoption of the 
multiple unit system. 

April, 1897.—Messrs. Sargent & Lundy, after report by Sprague, abandoned 
the locomotive plans for the South Side elevated and fully endorsed 
the multiple unit system. 

April, 1897.—Chief Engineer Wallace, of Illinois Central Railroad, stated that 
trains should be run in any length from one to a dozen cars and he 
hoped to be able to run them with a push-button. 

April 17, 1897.—Sprague tendered to the South Side Elevated Railroad a pro¬ 
posal to equip 120 cars on multiple unit system. 

May, 1897.—Chief Engineer George B. Cornell, of the Brooklyn Elevated road, 
stated that two essentials of his endorsement of any change from steam 
to electricity on that road were increase of schedule speed and a con¬ 
trol which could enable him to run single cars or any desired aggrega¬ 
tion of cars into trains. 

1897.—Short, for Walker Manufacturing Co., and the Westinghouse Company 
also, proposed various locomotive car plans for Manhattan Elevated. 

July 16, 1897.—Sprague made demonstration at Schenectady of two-car multi¬ 
ple unit train, and ten days later of six-car train. 

Rovember-December, 1897.—Sprague made working test of mult^iple unit train 
on Metropolitan elevated of Chicago of five-car multiple unit train. 

Fall of 1897.--On the Brooklyn Elevated Railroad the General Electric Com- 
pany’s engineers recommended for a fifteen-mile schedule four and 
five-car trains, two of the ears being locomotive cars, each weighing 
about thirty-five tons and equipped with four motors, with through 
connections of the main circuits, so that either the four or five-car 
unit could be operated from either one of the locomotive ears from a 
hand control. No independent operation of other car was proposed. 
An alternating current central station with sub-stations, rotary con¬ 
verters and storage batteries were also recommended. 

1897. Short, for Walker Manufacturing Co., and the Westinghouse Co., also 
proposed various locomotive car plans for the Manhattan elevated 

December 23,1897.—Sprague Electric Company sent the Illinois Central Rail¬ 
road Company on specifications of Mr. John Lundie, the consulting 
engineer, a bid for an equipment for the suburban service of the Illi¬ 
nois Central Railroad, to use direct current system, with storage 
battery equalizers, individually equipped cars, multiple unit system, 
and to make a schedule speed of twenty-four and one-half miles with 
stations averaging 2,900 feet apart. 
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December 23, 1897.—On same specifications General Electric Company made 
similar bids to the Illinois Central under agreement to get controllers- 
for same from Sprague company in case their bid should be accepted. 

January 12, 1898.—Mr. Sprague proposed to Mr. Gould to operate any combin- 
ation of from one to ten cars under any conditions of rail on multiple 
unit system. 

February 18, 1898.—Sprague tendered to the Brooklyn Elevated Railroad the 
multiple unit system. For temporary use, twenty-four equipments- 
were consolidated on twelve cars to be used first as locomotive cars, 
and afterwards to be distributed. 

The motor equipments were to be designed for seventeen mile sched¬ 
ule with existing station intervals. 

Those on the South Side were designed for a fifteen-mile schedule^ 
but make sixteen and one-half at times, with longer intervals. 

February, 1898.—The General Electric engineers offered to supply on the first 
twelve cars actually equipped by the Brooklyn Elevated Railroad, 
motors with either hand or semi-automatic control, and* proposed to- 
supply four or five months later, when developed, a full multiple unit 
control. 

April 20, 1898.—Sprague began operations on South Side road with multiple 
unit system. 

June 18, 1898.—Sprague began operation on the Bridge end of the Brooklyn 
“ L ” road. 

July 12, 1898.—Waterloo & City, London. Straight run one and one-half 
miles, no mid-station. Operates light four-car train units, the two 
end ones being motor cars with two motors, and the intermediates 
being dead cars. 

July 27, 1898.—Multiple unit system in full operation on South Side road, and 
steam abandoned. 

Equipment on South Side road afterwards increased to 180 cars, 
150 of which are fully equipped, and thirty, for emergency service, 
partially equipped. 

Kovember 1, 1898.—Westinghouse company began to put twenty cars on the 
Kings County Elevated Railroad, each equipped with two sets of two 
motors with controllers actuated by air pistons and controlled by a 
secondary electric circuit. Four only out of the twenty cars are in 
use at present and for locomotive purposes. 

1898.—General Electric Company proposed six-car trains and double locomo¬ 
tive ears for the Manhattan elevated, and three ear trains with a 
single locomotive car for the Boston elevated. 

And finally the engineers of the General Electric and Westinghouse 
companies are credited with the intention to operate experimental 
multiple unit trains. 

Of course, there are a number of other proposals which have been 
made both for multiple unit and other systems, and for various roads 
of which, however, mention is unnecessary for the present. 



AMEEICAJS" INSTITUTE OF ELEOTEICAL 
ENGINEEES. 

Sixteenth Genekal Meeting. 


Boston, June 26, 27 and 28, 1899. 

The opening session of the Sixteenth General Meeting was 
j order in the Walker Building, Massachusetts Institute 
of Technology, on Monday, June 26, at 10.30 A. M., by Presi¬ 
dent Kennelly. 

The Peesident : — I have great pleasure in introducing to the 
Institute His Honor, Mayor Quincy, who has kindly come to 
open our proceedings in the most acceptable and delightful 
manner. 

Matoe Quincy Mr. President and Gentlemen of the Am- 
EEIOAN Institcte OF Electeical Engineees I have merely 
come here this morning to fulfil the pleasing and unusual duty 
of welcoming your association to Boston upon the occasion of 
its meeting here. Boston has been favored by being selected as 
the gathering place of a great many national organizations of 
this sort, and I know that our citizens generally appreciate the 
compliment thus paid us, and are anxious to do anything in their 
power to make the stay of such bodies in Boston pleasant, and 
to make Boston an agreeable place for such purposes. 

The particular objects of your organization appeal to me as 
having the greatest interest for all who are concerned in the 
technical, industrial and financial progress of the country. I 
suppose that it would be impossible to find in industrial history 
an instance of such a rapid development and such large financial 
investment in a new line as has been afforded by the history of 
the development of electricity, particularly in this country, but 
also throughout the world, since the date of the formation of 
your Institute. That date seems to mark about the period 
when electrical development on various lines passed from its 
experimental or prelirninary stage to the stage of an assured ba¬ 
sis, to the stage of rapid growth and to the stage where it offered 
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a field for the very large investment of capital, and the progress 
that lias taken place since 1884 in the introduction, perfection 
and greater utilization of the telephone, of the arc, light and of 
the incandescent light, and of the electric street railway and of 
electric motors for various purposes of power, seems to me to 
afford a history of unprecedented development, and I think that 
in the future those who study such things will look back upon 
this period of the last fifteen years as constituting one of the most 
interesting periods in the development of a new force, in the 
knowledge of how to handle it, and to apply it in a large way to 
the service of man, which can be found in the records of the 
world. 

It has always seemed to me that the discovery which now 
seems to us so simple and elementary, of the possibility of con¬ 
verting power into electrical energy and transmitting it to great 
distances was, next to the invention of the steam engine, proba¬ 
bly the greatest discovery that has ever been made; and as we 
look around us to-day and see the enormous factor which the 
telephone has become in the business life of the community, and 
is coming to fill more and more in the social life of the commu¬ 
nity, and perhaps most striking of all, as we see the enormous 
development of the electric railway, I think we can realize that 
we have to some extent already passed through and are passing 
through nothing less than an industrial revolution, a development 
which is so changing past methods and appliances that it is really 
entitled to that designation. 

So much for the past While the great inventions in elec¬ 
tricity apparently have been made, while it is impossible it seems 
to me to conceive of such fundamental elementary discoveries in 
the field of electricity as liave given us the electric motor, the 
telephone, the electric light and the electric street railway, yet I 
think we have by no means come to the end of electrical devel¬ 
opment upgn the scientific and inventive side any more than we 
have upon the commercial side. While such a great change as 
has marked the introduction of electricity is scarcely possible in 
the future, yet I believe that the investment of capital in elec¬ 
tricity will probably be still larger in the next fifteen years than 
it has been in the last fifteen years—enormous as that has been ; 
and while the great naain inventions, so to speak, have been 
made, I believe there is a vast work still to be done in the per¬ 
fecting of various descriptions of apparatus and appliances for 
handling this comparatively new force. 

It therefore seems to me a most excellent thing that the men 
who are making a study of this great subject from a strictly sci¬ 
entific and technical standpoint are joined together, organized in 
this Ameeicait Institute of Electeical Engineees. The de¬ 
velopment of every line must be led by a comparatively small 
number of men who do the work of research, the work of scien¬ 
tific study and the work of development; and the electrical en- 
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gineers of tliis coiintiT, comparativelj few in number as tliey are, 
although sonn what rapidly growing in numbers within recent 
years, as our institutions of technical education are turning out 
new men to enter the ranks, have an opportunity to contnbute 
in a very large way to the industrial and commercial develop¬ 
ment of this country; for of all forces I suppose that electricity 
is the most subtle; it is the most impalpalde, its laws have been 
the most difficult to ascertain, and the field for scientific research 
in electricity certainly is still a very large and very fruitful one, 
and^ I believe that we are still to attain results of the very great¬ 
est importance through the theoretical study, through the scien¬ 
tific experiment and through the practical experience of such 
men as make up this organization. 

Therefore it seems to me there can be no more interesting oc¬ 
casion than that which brings together the men Avho are engaged 
scientifically throughout the country in the development and in 
the practical handling of this great force of electricity; and I am 
sure that your deliberations and your exchange of experiences 
and of ideas and of scientific knowledge cannot but benefit this 
great line of thought and of development, and cannot but have 
a useful result for the many and varied interests which are now 
depending upon the continued development of this great new 
force which has come into the industrial life of the world, and 
which has already wrought such a marvelous revolution in the 
habits and methods of mankind. 

The Peesident : — I am sure we have all listened with great 
interest to the address of His Honor, and I feel sure that I am 
only voicing the general sentiment when I express to him the 
satisfaction we have had in listening to our opening address from 
him ; and this meeting in Boston, the Sixteenth Meeting of this 
Institute, will be memorable to ourselves not merely ^from its 
having taken place in so great and historic a city, but having 
been called together under the auspices of such an excellent ad¬ 
dress of welcome. I have only one regret, and that is that His 
Honor is not one of us. It seems to me from the way he has 
handled some of the subjects he must have been one of us, and it 
is only by some oversight that he is not. We are much beholden 
to him, and we feel that he is in a sense one of our own workers. 

The Seceetaet read a letter from Harvard University, also one 
from the Boston Electric Light Company; also one from the 
Hew England Telephone and Telegraph Company (offering for 
the use of members of the Institute to all parts of Boston and 
the suburbs a telephone set up in Boom 14 of the building); also 
one from the American Telephone and Telegraph Company, the 
long distance service (offering for the use of the members a long 
distance telephone after six o’clock in the evening, set up in the 
Hotel Brunswick, and available to all points reached by the long 
distance telephone); one from the General Electric Company, 
Schenectady, New York, one from the Boston Terminal Com- 
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pany, one from Professor Elihii Thomson, extending an invita¬ 
tion to his house on Wednesday evening ; one from the Vice- 
President’s office of the Boston Elevated Eailway; one from the 
Mayor of Cambridge ; a letter of regret from Mr. Dunn saying 
he iiad been obliged to change his plans on account of his health, 
which necessitated his going to Haines Falls in the Catskills ; a 
letter from the Hew England Gas and Coke Company, inviting 
the members to visit its new works at Everett. 

The PRESIDENT :—There is one report to be laid before the 
INSTITUTE this morning, and that is the report of the Committee 
on (Standardization. The Chairman of that committee is Prof. 
Crocker, and I am sorry that Professor Crocker is abroad and not 
here to-day to present it. But this committee was appointed 
nearly two years ago and its provisional report was laid before 
the Ijs-stitute at the last General Meeting a year ago at Omaha. 
The report has been before the Institute therefore for a year, 
and criticisms have been invited and a number have been re¬ 
ceived, and it is in printed form before you this morning. The 
matter is now before the Institute for action. 

Me. a. Y. Gareatt: —Mr. President, I believe that this report 
representing as it does a vast amount of careful, conscientious and 
well digested labor on the part of our very able Committee, 
should be either rejected or accepted as a whole as it is here 
printed before us. I therefore move you the acceptance of the 
pport as presented to us in printed form and that it be published 
in the Transactions. 

[Motion seconded and adopted.] 
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To The Council of The American Institute of Electrical Engineers. 

Gentlemen : 

Your committee on Standardization begs to submit the following 
report, covering such subjects as have been deemed of pressing and imme¬ 
diate importance, and which are of such a nature that general agreement 
may be expected upon them. 

While it is the opinion of the committee that many other matters might 
advantageously have been considered, as, for example, standard methods 
of testing ; yet it has been deemed inexpedient to attempt to cover in a 
.single report more than is here submitted. 

Yours respectfully, 

FRANCIS B. CROCKER, Chairman, 

CARY T. HUTCHINSON, 

A. E. KENNELLY. 

J. W. LIEB, Jr. 

CHARLES P. STEINMETZ. 

LEWIS B. STILLWELL. 

ELIHU THOMSON. 
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GENERAL PLAN. 


Efficiency. 


(I) 

(ID 

(III) 

(IV) 

(V) 

(VI) 

(VII) 


Sections i to 24 
Commutating Machines, 

Synchronous Machines, 

Synchronous Commutating Machines, 
Rectifying Machines, 

Stationary Induction Apparatus, 
Rotary Induction Apparatus, 
Transmission Lines, 


Rise of Temperature. Sections 25 to 31 
Insulation. Sections 32 to 41 
Regulation. Sections 42 to 61 
Variation and Pulsation. Sections 62 to 65 


Sections 6 to ii 

“ 10 to II 

12 to 15 
“ 16 to 17 

“ 18 to 19 

“ 20 to 33 

34 


Rating. Sections 66 to 73 

Classification of Voltages and Frequencies. Sections 74 to 78 
Overload Capacities. Sections 79 to 82 

Appendices. (I) Efficiency. 

(II) Apparent Efficiency. 

(III) Power Factor and Inductance Factor. 

(IVj Notation. 

(V) Table of Sparking Distances. 


Electrical Apparatus will be treated under the following heads:— 


I. Commutating Machines, which comprise a constant magnetic field, 
a closed-coil armature, and a multi-segmental commutator connected 
thereto. 

Under this head may be classed the following: Direct-current genera¬ 
tors ; direct-current motors ; direct-current boosters ; motor-generators ; 
dynamotors ; converters and closed-coil arc machines 

A booster is a machine inserted in series in a circuit to change its 
voltage, and may be driven either by an electric motor, or otherwise. In 
the former case it is a motor-booster. 

A motor-generator is a transiormiog device consisting of two ma¬ 
chines ; a motor and a generator, mechanically connected together. 

A dynamotor is a transforming device combining both motor and 
generator action in one magnetic field, with two armatures or with an 
armature having two separate windings. 

For Converters, see III. 

II Synchronous Machines, which comprise a constant magnetic field, 
and an armature receiving or delivering alternating currents in syn¬ 
chronism with the motion of the machine ; z. <?., having a frequency 
equal to the product of the number of pairs of poles and the speed of the 
machine in revolutions per second. 

III. Synchronous Commutating Machines :—These include : i. Syn¬ 
chronous converters ; 2 . converters from alternating to direct, or from 
direct to alternating current, and 2 . Double-current generators ; /. <?., 
generators producing both direct and alternating currents. 

A converter is a rotary device transforming electric energy from one form 
into another without passing it through the intermediary form of mechan¬ 
ical energy. 

A converter ma 5 ^ be either : 

a. A direct current converter, converting from a direct current to a di¬ 
rect current or. 

b. A synchronous converter, formerly called a rotary converter, con¬ 
verting from an alternating to a direct current, or vice versa. 

Phase converters, are converters from an alternating-current system to 
an alternating-current system of the same frequency but different phase. 

Frequency converters are converters from an alternating-current system 
of one frequency to an alternating-current system of another frequency, 
with or without changes of phase. 
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IV. Rectifying Machines, or Pulsating-Current Generators, which pro¬ 
duce a unidirectional current of periodically varying strength. 

V. Stationary Induction Apparatus, z. stationary apparatus changing 
electric energy from one form into another, without passing it through 
an intermediary form of energy. These comprise 

a. Transformers, or stationary induction apparatus in which the prim¬ 
ary and secondary windings are electrically insulated from each other. 

b. Auto-transformers, formerly called compensators ; i. e ., stationary 
induction apparatus in which part of the primary winding is used as a 
secondary winding; or conversely. 

c. Potential regulators, or stationary induction apparatus having a coil 
in shunt, and a coil in series with the circuit, so arranged that the ratio of 
transformation between them is variable at will. 

These may be divided into :— 

1. Compensator potential regulators, in which the number of turns of 
one of the coils is changed 

2 . Induction potential-regulators, in which the relative positions of 
primary and secondary coils is changed. 

3 . Magneto potential-regulators, in which the direction of the magnetic 
dux with respect to the coils is changed. 

d. Reactive coils, or Reactance coils, formerly called choking coils \z, e,, 
stationary induction apparatus used to produce impedance or phase dis¬ 
placement. 

VI. Rotary Induction Apparatus, which consist of primary and secon¬ 
dary windings rotating with respect to each other. They comprise 

a. Induction motors. 

b. Induction generators. 

c. Frequency changers. 

d. Rotary phase converters. 

EFFICIENCY. 

. 1. The efficiency ” of an apparatus is the ratio of its net power output 
to its gross power input. ^ 

2. Electric power should be measured at the terminals of the apparatus. 

3. In determining the efficiency of alternating-current apparatus, the 
electric power should be measured when the current is in phase with the 
E. M. F., unless otherwise specified, except when a definite phase difference 
is inherent in the apparatus, as in induction motors, etc. 

4. Mechanical power in machines should be measured at the pulle}", gear¬ 
ing, coupling, etc., thus excluding the loss of power in said pulley, gearing 
or coupling, but including the bearing friction and windage. The magni¬ 
tude of bearing friction and windage may be considered as independent of 
the load. The loss of power in the belt and the increase of bearing friction 
due to belt tension, should be excluded. Where, however, a machine is 
mounted upon the shaft of a prime mover, in such a manner that it cannot 
be separated therefrom, the frictional losses in bearings and in windage, 
which ought, by definition, to be included in determining the efficiency, 
should be excluded, owing to the practical impossibility of determining 
them satisfactorily. The brush friction, however, should be included. 

a. Where a machine has auxiliary apparatus, such as an exciter, the 
power lost in the auxiliary apparatus should not be charged to the machine 
but to the plant consisting of machine and auxiliary apparatus taken to¬ 
gether. The plant efficiency in such cases should be distinguished from 
the machine efficiency. 

5. The efficiency may be determined by measuring all the losses individ¬ 
ually and adding their sum to the output to derive the input, or subtract- 


I. An exception should be noted in the case of storapte batteries or apparatus for storing energy, 
in which the efficiency, unless otherwise qualified, should be understood as the ratio of the energy 
output to the energy intake in a normal cycle. 
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iDg their sum from the input to derive the output. All losses should be 
measured at, or reduced to, the temperature assumed in continuous ooera 
tion, or m operation under conditions specified. (See Sections as to si 1 
In order to consider the application of the foregoing rules to \'arious ma¬ 
chines in general use, the latter may be conveniently divided into classes as 

lOilO^VS 

I. Commutating Machines. 

6 . In commutating machines the losses are : — 
a. Bearing friction and windage. (See Section 4 .) 

b Molecular magnetm friction, and eddy currents in iron and Conner 
These losses should be determined with the machine on open circuit and at 
a voltage equal to the rated voltage +7^ in a generator, and—/r in a mo- 
the current strength, and denotes the internal resist¬ 
ance of the machine. They should be measured at the correct speed and 
voltage, smee they do not usually vary in proportion to the speed or to anv 
definite power or the voltage. ^ ^ 

c. Armature resistance losses. /V', where I is the current strength in 

the armature, and r is the resistance between armature brushes, exchiding 
the resistance of brushes and brush contacts. ^ 

d. Comutator brush friction. 

e Commutator brush-contact resistance. It is desirable to point out that 
voltagf mach[n« “ considerable in low- 

J'®'/ WUh separately excited fields, the loss of power in 

the resistance of the field coils alone should be considered. With shunt 
E fm”®,® '^owever the loss of power in the accompanyingrheo- 
included the said rheostat being considered as^n^ssen- 
tial part o^ the machine, and not as separate auxiliary apparatus. 

{p) and (fT) are losses m the armature or ‘‘ armature losses ; (d) and (e) 

^ commutator losses; ” (/)“ field losses.” ^ ^ 

difference between the total losses underload and the sum of the 
looses above specified, should be con.sidered as ‘’load losses” and are 
usually trivial in commutating machines of small field distortion. When 
the field distortion is large, as is shown by the necessity for shifting- the 
brush®sb®twe®n noload and full load, or with variatioL of load These 
considerable, and should be taken into account. In this 
case the efficiency may be determined either by input and output measure¬ 
ments, or the load losses may be estimated by the method of Section II 

8 . Boosters should be considered and treated like other direct-current 
machines m regard to losses. uucci current 

elLric“o°utp?t®°®’'^*°"®’ converters, the efficiency is the 

electric input. 

II. Synchronous Machines.— 

synchronous machines the output or input should be measured 

"■ I «»pt .-.1. s 

1 ?? uncertainty necessarily involved in the approximation of 

load losses, it is preferable, whenever possible, to determine^ the efficiSicv 
of synchiOnous machines by input and output tests. ^ 

II. The losses in synchronous machines are : 
a. Bearing friction and windage ; see Sec. 4 . 

Molecular magnedc friction and eddy currents in iron, coDoer and 
^jsses should be determined at open mrcuit of 
the machine at the rated speed and at the rated voltage, + Ir in a svn 
chronous generator, — Irin a synchronous motor where / — curren/in* 
armature, r = armature resistance. It is undeskabrt^ compute 
losses from observations made at other speeds or voltages 

losses may be determined either by driving the machine by a mo- 
tor, or by running it as a synchronous motor, and adjusting its fields so as 
get minimum current input and measuring the input b/wattmeter. The 
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former is the preferable method, and in polyphase machines the lal^ter 
method is liable to give erroneous results in consequence of unequ;^!:. 
distribution of currents in the different circuits caused by inequalities of the 
impedance of connecting leads, etc. 

c. Armature-resistance loss, which may be expressed by / ^ ; where r 
= resistance of one armature, circuit or branch, / = the current in such 
armature circuit or branch, and p = the number of armature circuits or 
branches. 

d. Load losses as defined in section 7 . While these losses cannot well 
be determined individually, they may be considerable and, therefore, their 
joint influence should be determined by observation. This can be done by 
operating the machine on short circuit and at full-load current, that is, by 
determining what maybe called the “short-circuit core loss.'’ With the 
low field intensity and great lag of current existing in this case, the load 
losses are usually greatly exaggerated. 

One-third of the short-circuit core loss may, as an approximation, and in 
the absence of more accurate information, be assumed as the load loss. 

e. Collector-ring friction and contact resistance. These are generally 
negligible, except in machines of extremely low voltage. 

Field excitation. In separately-excited machines, the r of the field 
coils proper should be used. In self-exciting machines, however, the 
loss in the field rheostat should be included. (See Section 6 /.) 

in. Synchronous Commutating Machines. 

12 . In synchronous converters, the power on the alternating-current side 
is to be measured with the current in phase with the terminal e. m. f.,' 
itnless otherwise specified. 

13 . In double-current generators, the efficiency of the machine should be 
determined as a direct-current generator in accordance with section 6 ., and 
as an alternating-current generator in accordance with section ii. The 
two values of efficiency may be different, and should be clearly dis¬ 
tinguished. 

14 . In synchronous converters the losses should be determined when’ 
driving the machine by a motor. These losses are :— 

a. Bearing friction and windage, see section 4 . 

b. Molecular magnetic friction and eddy currents in iron, copper and me¬ 
tallic parts. These losses should he determined at open circuit and at the 
rated terminal voltage, no allowance being made for the armature resis¬ 
tance, since the alternating and the direct currents flow in opposite 
directions. 

c. Armature resistance. The loss in the armature is q P r, where 7 = 
direct current in armature, r = armature resistance and q, a factor which 
is equal to 1.37 in single-phasers, 0.56 in three-phasers, 0.37 in quarter- 
phasers and 0.26 in six-phasers 

d Load losses The load losses should be determined in the same 
manner as described in section ir <7., with reference to the direct-current 
side. 

e and /. Losses in commutator and collector friction and brush-contact re¬ 
sistance. See sections 6 and i r. 

g. Field excitatiqn. In separately-excited fields, the 7 ® r loss in the field 
coils proper should be taken, while in shunt and series fields the rheostat 
loss should be included, except where fields and rheostats are intentionally 
modified to produce effects outside of the conversion of electric power, as 
for producing phase displacement for voltage control. In this case 25 per 
cent, of the P r loss in the field proper at non-inductive alternating circuit 
should he added as proper estimated allowance for normal rheostat losses, 
(See Sectiori 6 /.) 

15 . Where two similar synchronous machines are available, their efficiency 
ckn be determined by operating one machine as a converter from direct to 
alternating, and the other as a converter from alternating to direct, con¬ 
necting the alternating sides together, and measuring the difference be¬ 
tween the direct-current input, and the direct-current output. This pro¬ 
cess maybe modified by returning the output of the second machine^ 
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through two boosters into the first machine and measuring the losses. 
Another modification might be to supply the losses by an alternator be¬ 
tween the two machines, using potential regulators. 

!V. Rectifying* Machines or Pulsating-Current Generators.— 

16 . These include : Open-coil arc machines, constant-current rectifiers, 

constant-potential rectifiers. ^ 

The losses in open-coil arc machines are essentially the same as in sec¬ 
tions 6 to 9 (closed-coil commutating machines.) In alternating-cur¬ 
rent rectifiers, however, the output must be measured by wattmeter and 
not by voltmeter and ammeter, since owing to the pulsation of current and 
E. M. F., a considerable discrepancy may exist between watts and volt- 
amperes, amounting to as much as loor per cent. 

17 . In constant-current rectifiers, transforming from constant-potential 
alternating to constant direct current by means of constant-current trans¬ 
formers and rectifying commutators, the losses in the transformers are to be 
included in the efficiency and have to be measured when operating the 
rectifier, since in this case the losses are generally greater than when feed¬ 
ing an alternating secondary circuit. In constant-current transformers the 
load losses are usually larger than in constant-potential transformers and 
thus should not be neglected. 

The most satisfactory method of determining the efficiency in rectifiers is 
to measure electric input and electric output by wattmeter. The input is 
usually not non-inductive, owing to a considerable phase displacement and to 
wave distortion. For this reason the apparent efficiency should also be 
considered, since it is usually much lower than the true efficiency. The 
power consumed by the synchronous motor or other source driving the 
rectifier should be included in the electric input. 

V. Stationary Induction Apparatus.— 

18 . Since the efficiency of induction apparatus depends upon the wave 
shape of e. m. f:, it should be referred to a sine wave of e. m. f , except where 
expressly specified otherwise. The efficiency should be measured with non- 
inductive load, and at rated frequency, except where expressly specified 
otherwise. The losses are : 

a. Molecular magnetic friction and eddy currents measured at open cir¬ 
cuit and at rated voltage — Ir, where I = rated current, r = resistance of 
primary circuit. 

b. Resistance losses,' the sum of the P rot primary and of secondary in a 
transformer, or of the two sections of the coil in the^compensator or auto¬ 
transformer, where /= current in the coil or section of coil, r = resistance. 

c. Load losses; z. e., eddy currents in the iron and especially in the cop¬ 
per conductors, caused by the current. They should be measured by short- 
circuiting the secondary of the transformer and impressing upon the pri¬ 
mary an JE.M. F. sufficient to send full-load current through the transformer. 
The loss in the transformer under these conditions measured by wattmeter 
gives the load losses + P r losses in both primary and secondary coils, 

d. Losses due to the methods of cooling, as power consumed by the 
blower in air-blast transformers, and power consumed by the motor driving 
pumps in oil or water-cooled transformers. Where the same cooling 
apparatus supplies a number of transformers or is installed to supply future 
additions, allowance should be made therefor. 

19 . In potential regulators the efficiency should be taken at the maximum 
voltage for which the apparatus is designed, and with non-inductive load 
unless otherwise specified. 

VI. Rotary Induction Apparatus. 

_ 20. Owing to the existence of load losses and since the magnetic density 
in the induction motor under load changes in a complex manner the effi¬ 
ciency should be determined by measuring the electric input by wattmeter 
and the mechanical output at the pulley, gear, coupling, etc. 
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21. The efficiency should be determined at the rated frequency and the 
input measured with sine waves of impressed e. m. f. 

22. The efficiency may be calculated from the apparent input, the power 
factor, and the power output. The same applies to induction generators. 
Since phase displacement is inherent in induction machines, their appar¬ 
ent efficiency is also important. 

23 In frequency changers ; zV e., apparatus transforming from a poly¬ 
phase system to an alternating system of different frequency, with or with¬ 
out a change in the number of phases, and phase converters; z. e., apparatus 
converting from an alternating system, usually single phase, to another 
alternating system, usually polyphase, of the same frequency, the efficiency 
should also be determined by measuring both output and input. 

VIL Transmission Lines. 

24. The efficiency of transmission lines should be measured with non-in¬ 
ductive load^ at the receiving end, with the rated receiving pressure and 
frequency, also with sinusoidal impressed e m. f.*s., except where expressly 
specified otherwise, and with the exclusion of transformers or other 
apparatus at the ends of the line. 


RISE OF TEMPERATURE. 

General Principles.— 

25. Under regular service conditions, the temperature of electrical ma¬ 
chinery should never be allowed to remain at a point at which permanent 
deterioration of its insulating material takes place. 

26. The rise of temperature should be referred to the standard conditions 
of a room-temperature of 25 ° C, a barometric pressure of 760 mm. and 
normal conditions of ventilation ; that is, the apparatus under test should 
neither be exposed to draught, nor enclosed, except where expressly specified. 

27. If the room temperature during the test differs from 25 ° C., the ob¬ 
served rise of temperature should be corrected by 1/2 per cent for each 
degree C® Thus, with a room temperature of 35 ° U, the observed rise of 
temperature has to be decreased by 5 per cent, and with a room temper¬ 
ature of 15 ® C., the observed rise of temperature has to be increased by 5 
per cent. The thermometer indicating the room temperature should be 
screened from thermal radiation emitted by heated bodies, or from 
draughts of air. When it is impracticable to secure normal conditions of 
ventilation on account of an adjacent engine, or other sources of heat, 
the thermometer for measuring the air temperature should be placed so 
as fairly to indicate the temperature which the machine would have if it 
were idle, in order that the rise of temperature determined shall be that 
caused by the operation of the machine. 

28. The temperature should be measured after a run of sufficient dura¬ 
tion to reach practical constancy. This is usually from 6 to 18 hours, ac¬ 
cording to the size and construction of the apparatus. It is permissible, 
however, to shorten the time of the test by running a lesser time on an 
overload in current and voltage, then reducing the load to normal, and 
maintaining it thus until the temperature has become constant. 

In apparatus intended for intermittent service, as railway motors, starting 
rheostats, etc., the rise of temperature should be measured after a shorter 
time, depending upon the nature of the service, and should be specified. 

In apparatus which’ by the nature of their service may be exposed to 
overload, as railway converters, and in ve^ high voltage circuits, a 
smaller rise of temperature should be specified than in apparatus not 
liable to overloads or in low-voltage apparatus. In apparatus built for 
conditions of limited space, as railway motors, a higher rise of temperature 
must be allowed. 

2. This correction is also intended to compensate, as nearly as is at present practicable, for the 
error involved in the assumption of a constant temperature coefficient of resistivity; i. e, 0.4 per 
cent, per deg. C. taken with varying initial temperatures. 
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29. In electrical conductors, the rise of temperature should be determined 
by their increase of resistance. For this purpose the resistance may be 
measured either by gaU’anometer test, or by drop-o£-potential method. A 
temperature coefficient of 0.4 per cent per degree C., may be assumed for 
copper.'^ Temperature elevations measured in this way are usually in ex¬ 
cess of temperature elevations measured by thermometers. 

30. It is recomm.ended that the following maximum values of tempera¬ 
ture elevation should not be exceeded : _ ’ 

Commutating machines, rectifying machines, and synchronous machines. 

Field and armature, by resistance, so° C. 

Commutator and collector rings and brushes, by thermometer, 55 ° C. 

Bearings and other parts of machine, by thermometer, 40 ® C. 

Rotary induction apparatus: 

Electric circuits, 50 ° C., by resistance. 

Bearings and other parts of the machine 40 ® C., by thermometer. 

In squirrel cage or short-circuited armatures, 55 ® C., by thermometer, 
may be allowed. 

Transformers for continuous service—electric circuits by resistance 
50 ® C., other parts by thermometer, 40 ® C., under conditions of normal ven¬ 
tilation. 

Reactive coils, induction and magneto regulators—electric circuits by 
resistance 55 °C., other parts by thermometer 45 ®C. 

AVhere a thermcmeter. applied to a coil or winding, indicates a higher 
temperature elevation than that shown by resistance measurement, the 
thermometer indication should be accepted. In using the thermometer, 
care should be taken so to protect its bulb as to prevent radiation from it, 
and, at the same time, not to interfere seriously with the normal radiation 
from the part to which it is applied. 

31. In the case of apparatus intended for intermittent service, the tem¬ 
perature elevation which is attained at the end of the period corresponding 
to the term of full load, should not exceed 50 ° C by resistance in electric 
circuits. In the case of transformers intend'ed for intermittent service, or 
not operating continuously at full load, but continuously in circuit, as in 
the ordinary case of lighting transformers, the temperature elevation 
above the surrounding air-temperature should not exceed 50 ® C by resist¬ 
ance in electric circuits and 40 ® C by thermometer in other parts, after the 
period corresponding to the term of full load. In this instance, the test 
load should not be applied until the transformer has been in circuit for a 
sufficient time to attain the temperature elevation due to core loss. With 
transformers for commercial lighting, the duration of the full-load test 
may be taken as three hours, unless otherwise specified. In the case of 
railway, crane, and elevator motors, the conditions of service are neces¬ 
sarily so varied that no specific period corresponding to the full-load term 
can be stated. 

INSULATION. 

32. The ohmic resistance of the insulation is of secondary importance 
only, as compared with the dielectric strength, or resistance to rupture by 
high voltage. 

Since the ohmic resistance of the insulation can be very greatly increased 
by baking, but the dielectric strength is liable to be weakened thereby, it 
is preferable to specify a high dielectric strength rather than a high 
insulation resistance. The high voltage test for dielectric strength should 
always be applied. 

Insulation Resistance. 

, 33. Insulation resistance tests should, if possible, be made at the pressure 
for which the apparatus is designed. 

The insulation resistance of the complete apparatus must be such that the 

rated voltage of the apparatus will not send more than _ I _ of the full 

, - _ ' 1 , 000,000 

load current, at the rated terminal voltage, through the insulation. Where 

the- value found in this way exceeds i megohm, i megohm is sufficient. 

3. By the formula (1-I-0.004 6 )- Where is the resistance at room temperature, R the 

resistance when heated, and B the temperature elevation {T-t) in degrees centigrade. ^ 
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Dielectric Strength. 

34. The dielectric strength or resistance to rupture should be determined 
by a continued application of an alternating e. m. f. for one minute The 
source of alternating e. m. f. should be a transformer of such size that the 
charging current of the apparatus as a condenser does not exceed 25 ^ of 
the rated capacity of the transformer. 

35. The high voltage tests should not be applied when the insulation is 
Idw, owing to dirt or moisture, and should be applied before the machine 
is put into commercial service. 

36. It should be pointed out that tests at high-voltages considerably in ex¬ 
cess of the normal voltages are^ admissible on new machines, to determine 
whether they fulfill their specifications, but should not be made subse¬ 
quently at a voltage much exceeding the normal, as the actual insulation 
of the machine may be weakened by such tests 

37. The test for dielectric strength should be made wdth the completely 
assembled apparatus and not with its individual parts, and the voltage 
should be applied as follows :— 

ist. Between electric circuits and surrounding conducting material, and, 

2 nd. Between adjacent electric circuits, where such exist, as in trans¬ 
formers. 

The tests should be made with a sine wave of e. m. f., or where this is 
not available, at a voltage giving the same striking distance between needle 
points in air, as a sine wave of the specified e. m. f., except where expressly 
specified otherwise. As needles, new sewing_ needles should be used. It 
is recommended to shunt the apparatus during the test by a spaik gap of 
needle points set for a voltage exceeding the required voltage by 10 %. 

A table of approximate sparking distances is given in Appendix V. 

38. The following voltages are recommended for apparatus not including 
transmission lines or switchboards : 


Rated Terminal Voltage. 

Not exceeding 400 volts. 

<« (( 

400 and over, but less than Soo volts. 

<( (t <. 

800 “ “ 1200 “ 

1200 “ “ 2500 “ 

2500 “ . 

Synchronous motor fields and fields 
from the alternating current side.. 


Capacity. Testing Voltage. 

Under 10 k. w. 1000 volts, 

10 K.w. and over.. 1500 

Under lo k. w' . 1500 

10 K. w. and over ..2000 

Any. .3500 

Any. 500 

j Double the normal 
J .1 rated voltages. 

of converters started 
. 5000 volts. 


Alternator field circuits should be tested under a breakdown test voltage 
corresponding to the rated voltage of the exciter, and referredtoan output 
equal to the output of the alternator; z. e., the exciter should be rated for 
this test as having an output equal to that of the machine it excites. 

Condensers should be tested at twice their rated voltage and at their 
rated frequency. 

The values in the table above, are effective values, or square roots of 
mean square, reduced to a sine wave of e. m. f. 

39. In testing insulation between different electric circuits as between 
primary and secondary of transformers, the testing voltage must be chosen 
corresponding to the high-voltage circuit. 

40. In transformers of from 10 ,coo volts to 20,000 volts, it should be con¬ 
sidered as sufficient to operate the transformer at twice its rated voltage, 
by connecting first the one, and then the other terminal of the high-voltage 
winding to the core and to the low-voltage winding. The test of.dielectric 
resistance between the low voltage winding and the core should be 
in accordance with the recommendation in Section 38 , for similar 
voltages and capacities. 

41. When machines or apparatus are to be operated in series, so as to em¬ 
ploy the sum of their separate e. m. f’s, the voltage should be referred to 
this sum, except where the frames of the machines are separately insulated 
both from ground and from each other. 













264 


REPOBT OF TEE COMMITTEE 


[June 26 


REGULATION. 

42 The term regulation should have the same meaning as the term “ in- 
harent regulation/’ at present frequently used. 

43 The regulation of an apparatus intended for the generation of con¬ 
stant potential, constant current, constant speed, etc., is to be measured by 
the maximum variation of potential, current, speed, etc , occurring within 
the range from full load to no load, under such constant conditions of 
operation as give the required full-load values, the condition of full load 
being considered in all cases as the normal condition of operation. 

44 The regulation of an apparatus intended for the generation of a 
potential, current, speed etc., varying in a definite manner between full 
load and no load, is to be measured by the maximum variation of potential 
current, speed, etc., from the satisfied condition, under such constant con¬ 
stant conditions of operation as give the required full-load values. 

If the manner in which the variation in potential, current, speed, etc., 
between full load and no load is not specified, it should be assumed to be 
a simple linear relation ; i, e, undergoing uniform variation between full 
load and no load. 

The regulation of an apparatus may, therefore, differ according to its 
qualification for use. Thus the regulation of a compound-wound generator 
specified as a constant-potential generator will be different from that it 
possesses when specified as an over-compounded generator. 

45. The regulation is given in percentage of the full-load value of po¬ 
tential, current, speed, etc., and the apparatus should be steadily operated 
during the test under the same conditions as at full load. 

46. The regulation of generators is to be determined at constant speed ; of 
alternating apparatus at constant impressed froc|uency. 

47. The regulation of a generator-unit, consisting of a generator united 
wfith a prime-mover, should be determined at constant conditions of the 
prime mover ;/. constant steam pressure, head, etc. It would include 
the inherent speed variations of the prime mover, l^'or this reason the 
regulation of a generator-unit is to be distingni.shcd from the regulation of 
either the prime-mover, or of the generator contained in it, when taken 
separately. 

48. In apparatus generating, transforming or transmitting alternating 
currents, regulation should be understood to refer to non-inductivcs load, 
that is to a load in which the current is in phase with the ic. m. f. at the 
output side of the apparatus, except where expressly specified otherwise. 

49. In alternating apparatus receiving electric power, regulation should 
refer to a sine wave of k. m. f., except where expressly specified otherwise. 

50. In commutating machines, rectifying machines and synchronous ma¬ 

chines, as direct-current generators and motors, alternating current and 
polyphase generators, the regulation is to be determined under the following 
conditions: * 

a. At constant excitation in separately excited fields 

d. With constant resistance in shunt field circuits and 

With constant resistance shunting series fields ; / /•., the field adjust¬ 
ment should remain constant, and should be so chosen as to give the re¬ 
quired full-load voltage at full-load current. 

51. In constant-potential machines, the regulation is the ratio of the 
maximum difference of terminal voltage from the rated full-load value (oc¬ 
curring within the range from full load to open circuit) to the full-load ter¬ 
minal voltage. 

I^ constant-current machines, the regulation is the ratio of the maxi¬ 
mum difference of current from the rated full-load value (oecurnng within 
the range from full load to short circuit), to the full-load current. 

53. In constant-power machines, the regulation is the ratio of maximum 
difference of power from the rated full load value (occurring within the 
range of operation specified) to the rated power. 

54. In ov(^-compounded machines, the regulation is the ratio of the 
maximum difference m voltage from a straight line connecting the no-load 
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and full-load values of terminal voltage as function of the current, to the 
full-load terminal voltage. 

55. In constant-speed continuous-current motors, the regulation is the 
ratio of the maximum variation of speed from its full-load value (occurring 
within the range from full-load to no-load) to the full-load speed. 

56. ^ In transformers, the regulation is the ratio of the rise of secondary 
terminal voltage from full-load to no-load, (at constant primary impressed 
terminal voltage) to the secondary terminal voltage. 

57. In induction motors, the regulation is the ratio of the rise of speed from 
full-load to no-load, (at constant impressed voltage), to the full-load speed. 

The regulation of an induction motor is, therefore, not identical with the 
slip of the motor, which is the ratio of the drop in speed from synchronism, 
to the synchronous speed. 

58. In converters, dynamotors, motor-generators, and frequency chang¬ 
ers, the regulation is the ratio of the maximum difference of terminal volt¬ 
age at the output side from the rated full-load voltage, (at constant im¬ 
pressed voltage and at constant frequency), to the full-load voltage on 
the output side. 

59. In transmission lines, feeders, etc., the regulation is the ratio of 
maximum voltage difference at the receiving end, between no-load and 
full non-inductive load, to the full-load voltage at the receiving end, with 
constant voltage impressed upon the sending end. 

^ 60. In steam engines, the regulation is the ratio of the maximum varia¬ 
tion of speed in passing from full-load to no load (at constant steam pressure 
at the throttle), to the full-load speed. 

61. In a turbine or other water-motor, the regulation is the ratio of the 
maximum variation of speed from full-load to no-load (at constant bead of 
water; z. e. , at constant difference of level between tail race and head 
race), to the full-load speed. 

Variation and Pulsation.— 

62. In prime movers which do not give an absolutely uniform rate of ro¬ 
tation or speed, as in steam engines, the “variation” is the maximum ang¬ 
ular displacement in position of the revolving member expressed in degrees, 
from the position it w^ould occupy with uniform rotation, and with one 
revolution as 360°; and the pulsation is the ratio of the maximum change 
of speed in an engine cycle to the average speed. 

63. In alternators or alternating-current circuits in general, the variation 
is the maximum difference in phase of the generated wave of e. m. f. from 
a wave of absolutely constant frequency, expressed in degrees, and is due 
to the variation of the prime mover. The pulsation is the ratio of the max¬ 
imum change of frequency during an engine cycle to the average fre¬ 
quency. 

64. li n number of poles, the variation of an alternator is — times the 

2 

variation of its prime mover if direct connected, and —/ times the varia-, 

2 

tion of the prime mover if rigidly connected thereto in the velocity ratio jz^. 

65. The pulsation of an alternating-current circuit is the same as the pul¬ 
sation of the prime mover of its alternator. 

RATING. 

66. Both electrical and mechanical power should be expressed in kilo¬ 
watts, except when otherwise specified. Alternating-current apparatus 
should be rated in kilowatts on the basis of non-inductive condition ; z. e.^ 
with the current in phase with the terminal voltage. 

67. Thus the electric power generated by an alternating-current 
apparatus equals its rating only at non-inductive load, that is when the 
current is in phase with the terminal voltage. 

68 . Apparent power should be expressed in kilovolt-amperes as dis¬ 
tinguished from real power in kilowatts. 
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69 I£ a power-factor other than loo^' is specified, the rating should be 
expressed in kiiovolt-amperes and power-factor, at full load. 

70. The fnll-lond current of an electric generator is that current w^hich 
with the rated full-load terminal voltage gives the rated kilowatts, but in 
alternating-current apparatus only at non-inductive load. 

71. Thus in machines in which the full load voltage differs from the no- 
load voltage, the full load current should refer to the former. 

li P = rating of an electric generator and E = full-load terminal volt¬ 
age, the full-load current is : 

JP 

I — — in a continuous-current machine or single phase-alternator. 

E 

p 

I = _I-in a three-phase alternator. 

it vT 

I = — in a quarter-phase alternator. 

2 E 

72. Constant-current machines such as series arc-light generators, should 
be rated in kilowatts based on terminal volts and amperes at full load. 

73. The rating of a fuse or circuit breaker should be the current-strength 
at which it will open the circuit, and not the working-current strength. 

Classification of Voltages and Frequencies. 

74. In direct current, low-tension generators, the following average 
terminal voltages are in general use and are recommended : 

125 volts. 250 volts. 550 volts. 

75. In direct-current, and alternating-current, low-pressure circuits, 
the following average terminal voltages are in general use and are 
recommended: 

no volts, 220 volts. 

In direct-current power circuits, for railway and other service, 500 volts 
may be considered as standard. 

76. In alternating-current, high-pressure circuits at the receiving end, the 
following pressures are in general use, and are recommended : 

1000 volts. 2000 volts. 3C00 volts. 6000 volts, 

looco volts. 150C0 volts. 20000 volts. 

77. In alternating-current high-pressure generators, or generating sys¬ 
tems the following terminal voltages are in general use and are recom¬ 
mended : 

1150 volts 2300 volts 3450 volts 

These pressures allow of a maximum drop in transmission of is% of the 
pressure at the receiving end. If the drop required is greater than 15 ^, the 
generator should be considered as special. 

78. In alternating-current circuits, the following approximate frequencies 
are recommended as desirable : 

25 or 30 40 ^ 60 ~ 120 

These frequencies are already in extensive use and it is deemed advisable 
to adhere to them as closely as possible. 

Overload Capacities. 

79. All guarantees on heating, regulation, sparking, etc., .should apply to 
the rated load, except where expressly specified otherwise, and in alter¬ 
nating, current apparatus to the current in phase with the terminal e. m. f., 
except where a phase displacement is inherent in the apparatus. 

80. All apparatus should be able to carry a reasonable overload without 
self destruction by heating, sparking, mechanical weakness, etc. and with 
an increase of temperature elevation not exceeding 15 ° C, above those 
specified for full loads. See Secs. 25 to 31 , 

81. Overload guarantees should refer to normal conditions of operation 
regarding speed, frequency, voltage, etc., and to non-inductive conditions 
in alternating apparatus, except where a phase displacement is inherent in 
the apparatus. 

82. The following overload capacities are recommended : 


4. The frequency of X20''-' may be considered as covering the already existing commercial fre¬ 
quencies between i2o~ and i4o~, and the frequency of 6o ~ as covering the already existing com¬ 
mercial frequencies between 60 ~ and 70 
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ist. In direct-current generators and alternatiDg-current generators * 
2 S% for one-half hour. 

2d. In direct-current motors ' and synchronous motors, 25^ for one-half 
hour, 50^ for one minute; except in railway motors and other apparatus 
intended for intermittent service. 

3d. Induction motors. 25^ for one-half hour,-50^ for one minute. 

4th. Synchronous converters. 50^ for one half hour. 

5th. Transformers. 25^ for one half hour. Except in transformers con¬ 
nected to apparatus for which a different overload is guaranteed, in which 
case the same guarantees shall apply for the transformers as for the appar¬ 
atus connected thereto. 

6th, Exciters of alternators and other synchronous machines, 10^ more 
overload than is required for the excitation of the synchronous machine at 
its guaranteed overload, and for the same period of time. 


APPENDIX I. 

EFFICIENCY. 

Efficiency of Phase-Displacing Apparatus. 

In apparatus producing phase displacement as, for example, synchronous 
compensators, exciters of induction‘generators, reactive coils, condensers, 
polarization cells, etc., the efficiency should be understood to be the ratio 
of the volt-ampere activity to the volt-ampere activity plus power loss. 

The efficiency may be calculated by determining the losses individually, 
adding to them the volt-ampere activity, and then dividing the volt- 
ampere activity by the sum. 

ist. In synchronous compensators and exciters of induction generators, 
the determination of losses is the same as in other synchronous machines 
under Sections 10 and it. 

2nd. In reactive coils the losses are molecular friction, eddy losses, and 
/ 2 ;^ loss. They should be measured by wattmeter. The efficiency of 
reactive coils should be determined with a sine wave of impressed e. m. f., 
except where expressly specified otherwise. 

3rd In condensers, the losses are due to dielectric hysteresis and leakage 
and should be determined by wattmeter with a sine wave of e. m. f. 

4th. In polarization cells, the losses "are those due to electric resistivity 
and a loss in the electrolyte of the nature of chemical hysteresis and are 
usually very considerable. "They depend upon the frequency, voltage and 
temperature, and should be determined with a sine wave of impressed 
E. M. F., except where expressly specified otherwise. 

APPENDIX II. 

Apparent Efficiency. 

In apparatus in which a phase displacement is inherent to their operation, 
apparent efficiency should be understood as the ratio of net power output 
to volt- ampere input. 

Such apparatus comprise induction motors, reactive synchronous con¬ 
verters, synchronous converters controlling the voltage of an alternating 
current system, self-exciting synchronous motors, potential regulators, and 
open magnetic circuit transformers, etc. 

Since the apparent efficiency of apparatus generating electric power de¬ 
pends upon the power factor of the load, the apparent efficienc);^, unless 
otherwise specified, should be referred to a load power-factor of unity. 

APPENDIX III. 

Pow’er Factor and Inductance Factor. 

The power factor in alternating circuits or apparatus may be defined as 
the ratio of the electric power, in watts, to volt-amperes. 

The inductance factor is to be considered as the ratio of wattless volt- 
amperes to total volt-amperes. 
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Thus, if / = power factor, q = inductance factor, 
then ,3 , 3 

+ 5-2 = I 


The power factor is the (energy component of current or e. m, k.) 

(total current or e. m. f.) 

and the inductance factor is the 

(wattless component of current or k. m. f.) __ true power 
(total current or e. m. f.) volt-, amperes. 


Since the power-factor of apparatus supplying electric power depends 
upon the power-factor of the load, the power-factor of the load should be 
considered as unity, unless otherwise specified. 


APPENDIX IV. 

The following notation is recommended :— 

E, e, voltage, e. m. f., potential difference 
/, 2, current 
P, power 
0 ^ magnetic flux 
magnetic density 
P, r, resistance 
X ar, reactance 
Z, rr, impedance 
Z, /, inductance 
C, c, capacity. 

Vector quantities when used should be denoted by capital italics. 


APPENDIX V. 

Table of Sparking Distances in Air between Opposed Shaq) Needle- 
Points, for Various Effective Sinusoidal Voltages, in inches and in centi¬ 
metres. 


Kilovolts 

Sq. Root of 

Distance. 

Mean Square. 

Inches 

Cms. 

5 . 


0-57 

10 . 


i.iq 

t 5 . 

. 0-745 

1.84 

20 ... 


fl.S 4 

as . 


3-3 

30 . 

,,,, - i.fias 

4.1 

35 . 


S-t 

40 . 


6.2 

45 . 


7 -S 

SO . 


y.o 


KiIavoU.s Dktutu'r. 

Sq. Root of 

Mean Square, Inehcfi Cnvj, 

60 4,6^ it,H 

7 «> .. 

Ho .. 7.t jH.o 

. H.;i| ' 41 .a 

Joo . •.^4,4 

I to . 

.n,B§ 3M,i 

.*‘-*95 

........ .. *3 q 5 3^,4 

*5^ iS.Q .(Ho 
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SYMBOLIC EEPEESElSTTATIOlSr OF OEISTEEAL AL- 
TEENATING WAVES AND OF DOUBLE 
FEEQUENCY YEOTOE PEODUCTS. 


BY CHARLES PROTEUS STEINMETZ. 


Part 1 . 

cb. Graphically alternating currents and e. m. f.’s are usually- 
represented hy vectors. A vector is a quantity having length 
and direction. The length represents the intensity, the direction 
the phase of the alternating wave. The vectors generally issue 
from the center of co-ordinates. 

In the topographical method, however, which is more conven¬ 
ient for complex networks, as interlinked polyphase circuits, the 
alternating wave is represented by the straight line between two 
points, these points representing the absolute values of potential 
(with regard to any reference point chosen as co-ordinate center) 
and their connection the difference of potential, in phase and in¬ 
tensity. Algebraically these vectors are represented by complex 
quantities. The impedance, admittance, etc., of the circuit is a 
complex quantity also, in symbolic denotation. 

Thus current, e. m. f., impedance and admittance are related 
by multiplication and division of complex quantities similar as 
current, e. m. f., resistance and conductance are related by 
Ohm’s law in direct current circuits. 

In direct current circuits, power is the product of current into 
E. M. F. In alternating current circuits, if: 

jF = <5^ -f-y 

I =z 
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The product: 

E l=:{e\ + j + a' 

is not the power, that is multiplication and division which are 
correct in the inter-relation of current, e. m. p., impedance, do 
not give a correct result in the inter-relation of e. m. f., current, 
power. The reason is that E I are vectors of the same fre¬ 
quency, and Z a constant numerical factor which thus does not 
change the frequency. 

The power however, is of double frequency compared with 
E and and thus cannot be represented by a vector in the same 
diagram with E and 1. 

Pq = -S’/is a quantity of the same frequency with E and I 
and thus cannot represent the power. 

5. Since the power is a quantity of double frequency of /"and 
/, and thus the phase angle o in and / corresponds to a phase 
angle 2 co in the power, it is of interest to investigate the pro¬ 
duct E1 formed by doubling the phase angle. 

Algebraically it is: 

P = El = 

4- f ^11 ill) gu j ill) 

Since = — 1, that is 180° rotation for E and /, for the double 
frequency vector, P, = -f- 1, or 360° rotation, and 

i X 1 =i 

1 Xy = —i 

Hence, substituting these values, it is: 

P = \_E 11^ + j 

The symbol [/"/] here denotes the transfer from the fre¬ 
quency of E and I to the double frequency of P. 

The product: P = \_E consists of two components; the 
real component: 

P^ = \_E IY = {e^ P) 

and the imaginary component: 

y P^ =z J [E ly = j i^'^) 
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The component: 

pi = \_EIY = («i i> + e” ?'i) 

is the power of the circuit, = E I cos (E Ij 
The component: 

PJ = [P/]J = («!' t”) 

is what may be called the “wattless power,” or the powerless or 
quadrature volt-amperes of the circuit, = E I sin (E 1). 

The real component will be distinguished by the index 1, the 
imaginary or wattless component by the index j. 

By introducing this symbolism, the power of an alternating 
circuit can be represented in the same way as in the direct cur¬ 
rent circuit, as the symbolic product of current and 

Just as the symbolic expression of current and e.m.f. as com¬ 
plex quantity does not only give the mere intensity, but also 
the phase : 

E — ^1 +y e" 

_ _ 

A\ 

tan = — 

fio the double frequency vector product P = \_lL 1'] denotes 
more than the mere power, by giving with its two components 
= \_E If and = \_E If the true energy volt-amperes, and 
the wattless volt-amperes. 

If: 

E ~ ^ 

I =1 P 

thus : 

E = /V/ 

/ “2 2 

I = v^i 


it is : 
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= [E /]‘ = {e^ i'- + E) 

E = [Ely = i'l) 

and: 

2 2 22 22 00 22 

pi .]., pj ^ et ii e^i ill 4- ii 4 

=:(^t'4 X) (/ + 

= (E If 
- 

where Q = total volt-amperes of circuit. 

That is: 

The true power JP^ and the wattless power are tlic two 
rectangular components of the total apparent power Q of the 
circuit. 

Herefrom it follows: 

In symbolic representation as double frequency vector pro¬ 
ducts, powers can be combined and resolved by the parallelogram 
of vectors just as currents and e.m.f.’s in graphical or 8yml)olic 
representation. 

• Hereby the graphical methods of treatment of alternating cur¬ 
rent phenomena are extended to include double frequency 
quantities, as power, torque, etc. 

It is: 

j>i 

„ = y; = COS (0 = power factor, 

Q 

pj 

' - z=: q — sin CO = inductance factor 
% 

of the circuit, and the general expresaion of power ia : 

E = Q{2> H-i u) 

= Q (cos M -[-j Hill to) 

{g.) The introduction of the double frequency vector product 
P = [JS” /] brings ub outside of tlio limits of algelira, bowovei-, 
and the commutative principle of algebra : a X h — 1> X does 
not apply any more, but it is : 


[Pi] unlike [IE] 
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since : 

\IE^ = \_IEY +j ilEy 

it is: 

\_El~y = [lEY 
[Ely =: — [lEy 

that is, the imaginary component reverses its sign by the inter¬ 
change of factors. 

The physical meaning hereof is : if the wattless power [EIJ 
is lagging with regard to E^ it is leading with regard to /. 

The wattless component of power is absent, or the total appar¬ 
ent power is true power, if: 

[E zy = ^ := 0. 

that is: 

or: 

tan {E) = tan (7), 

that is, E and I are in phase or in opposition. 

The true power is absent, or the total apparent power wattless,, 
if: 

[Ely = {e^ = 0 

that is : 



or: 

tan E = — cot I 

that is, ^ and Z are in quadrature. 

The wattless power is lagging (with regard to E^ or leading 
with regard to 7) if ; 


[Ely > 0 
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and leading if: 

IE IJ < 0 

The true power is negative, that is, power returns, if: 

IE lY < 0 

It is: 

= + [Z7] 

that is, when representing the power of a circuit or a part of a 
circuit, current and e.m.f. must be considered in their proper 
relative phases, but their phase relation with the remaining part 
of the circuit is immaterial. 

id.) If; 

P, = {E, /,], P, = 7]... .7^, = [P„ 4] 

are the symbolic expressions of the power of the different parts 
of a circuit or network of circuits, the total power of the whole 
circuit or network of circuits is: 

p = p, + p,+.... +p, 

and it is: 

P^ = Px* + P7+ ....+Pn’ 

PJ = P/ + P,J + . . . . + P„^ 

In other words the total power in symbolic expression (true as 
well as wattless) of a circuit or system is the sum of the powers 
of its individual components, in symbolic expression. 

The first equation is obviously directly a result from the law of 
conservation of energy. 

One result derived herefrom is for instance : 

If in a generator supplying power to a system the current is 
out of phase with the e.m.f. so as to give the wattless power 
the current can be brought into phase with the generator e.m.f., 
or the load on the generator made non-inductive by inserting 
anywhere in the circuit an apparatus producing the wattless 
power — P\ that is, compensation for wattless currents in a sys¬ 
tem takes place regardless of the location of the compensating 
device. 
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Obviously between the compensating device and the source of 
wattless currents to be compensated for, wattless currents will 
flow^, and for this reason it may be advisable to bring the com¬ 
pensator as near as possible to the circuit to be compensated. 

(e.) Like power, torque is a double frequency vector product 
also, of magnetism and m.m.f. or current, and thus can be treated 
in the same way. 

In an induction motor, the torque is the product of the mag¬ 
netic flux in one direction into the component of secondary in¬ 
duced current in phase with the magnetic flux in time, but in 
quadrature position therewith in space, times the number of turns 
of this current, or since the induced e.m.f. is in quadrature and 
proportional to the magnetic flux and the number of turns, the 
torque of the induction motor is the product of the induced e.m.f. 
into the component of secondary current in quadrature therewith 
in time and space, or the product of the induced current into the 
component of induced e.m.f, in quadrature therewith in time and 
space. 

Thus, if : 

z= 4"./ = induced e.m.f. in one direction in space. 

I = +ji>^ = secondary current in the quadrature direction 

in space, 

the torque is: 

T =: [^7]-’ = ^ 

By this equation the torque is given in watts, the meaning be¬ 
ing that T ■=z \_E is the power which would be exerted by 
the torque at synchronous speed, or the torque in synchronous 
watts. 

The torque proper is then : 

T 

2 iz jS p 

where : 

p = number of pairs of poles of the motor. 

Numerous instances of the the application of this are given in 
my previous paper on the single-phase induction motor. 

As a further instance, we may consider the case of two poly¬ 
phase induction motors in concatenation; that is, two equal in- 



276 


STEINMETZ ON SYMBOLIC REPRESENTATION [June 26 , 


ductioB motors in which the secondary of the first motor is 
closed by the primary of the second motor, the motors being 
mechanically connected so as to run at the same speed. 

In this case, let: 

N “ frequency of main circuit, 
s = slip of the first motor from synchronism. 

the frequency induced in the secondary of the first motor and 
thus impressed npon the primary of the second motor is, s N. 

The speed of the fiirst motor is (1 — s) N, thus the slip of the 
second motor, or the frequency induced in its secondary is 

5 iVr_ (1 _ 5) iv = (2 6^ — 1) N. 

Let: 

e counter e.m.f. induced in the secondary of the second 
motor, reduced to full frequency. 

z=z Tq —J Xq = primary self-inductive impedance. 


Zi Ti —y = secondary self-inductive impedance. 


Y = g j 6 = primary exciting admittance of each motor 
all reduced to full frequency and to the primary by the ratio of 
turns. 

It is then: 

Second motor: 
secondary induced e.m.f.: 

e s — 1) 

secondary current: 


/i = 


^(2^ — 1) 
n —j (2«— 1) 


e {ai -f-y 


where: 

_ (2^ — 1) n ^ (2 ^ — ly 

^ ^ 4 - (2 5 — 1 )^ 


primary exciting current: 


h = +/ 5 ) 


thus, total primary current: 

^ = /j + /o = e (^1 +i ^ 2 ) 
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where: 

g 

primary induced e.m.f.: 


i-z = (i-z -{- 


primary impedance voltage: 

^2 % —js Wo) 

thus, primary impressed e.m.f.: 

i:^ = s e + I2 (ro —j sxo) = e {c^ +y o^) 

where: 

Cl ^ s Toll + s Xohz <^2 = ^0 h — li 

First motor: 
secondary current: 

ig = ^ Q>i 4"i ^ 2 ) 
secondary induced e.m.f.: 


+ (n — j sxi) - e (^, +y ^2) 


where: 


di z=z Cl Till s Xi I2 di Gz Til>2 — s Xi hi 
primary induced e.m.f.: 


-^4 = —' = ^ (/i +i/ 2 ) 


where : 


/ _ 


/2- ~ 


primary exciting current: 

total primary current: 

7 = + ^4 = 6 + y 


* At « = 0 these terms/i and/g becpme indefinite, and thus at and very near 
synchronism have to be derived by substituting the complete expressions for 
/i and/g. 
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■where: 

g^z=z^)^-\- g = ^2 + + ^/i 

primary impedance voltage: 

Kro—jxo) 

thus, primary impressed e.m.f.: 

Fo = J (n —j ^o) = ^ Qh + i ^*2) 

where: 

Aj = /i + ?’o yi H- aifl d-i = /2 +■ ^'0 9i J7i 

or, absolute: 

«o = Vhf+ f>i 


and: 

Substituting now this value of e in the preceding gives the 
values of the currents and e-M.f.’s in the dillenmt eireuits of the 
motor series. 

In the ])olypha3e induction motor, the induced e.m.f. in 
quadratui'C in space to the induced k.m.f., E is : 

E. 

Thins, in the second motor, the torijue is : 

T 2 = [./ e AT = «> 

hence, its power output: 

1‘., = (1 - s) 7 ; = (1. - s) (/^ (b 
The ])ower input is : 

/>, = [ii,./j = [/i;,AT + /i:A;AP 

= ''(* 1,(^1 4 "'*2) (<^'’1 + j h ') 1 

hence, the efficiency: 

- (1 -- 4 'h _ 

\ E % /jj‘ <h fh + ^‘2 *'-'2 
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the power factor: 

^ =z -1^ r= Cl 5i + ^2 1 h 

Q ^2 Ig + €2) “h hi) 

etc. 

In the first motor : 
the torque is: 

T, = [^4 [(/ + jA) ip, + j hw 

= ^ ifl h +fs h) 
the power output: 

P4 = (1 - s) 

= {1 — s) {fi hi +/*) hi) 

the power input: 

A = IFo /] == 6-2 [(Ai +j h.i) {gi +i ^2)] 

= \_E,IY+j{E,IJ 

Thus, the efficiency: 

_ P4 __ (I — s) {fi hj -H /2 ^ 2 ) 

jT]^ — [.£2 im {hi g\ “h h% gi) {pi hi -|- <^2^%) 

the power factor of the whole system : 

Pi _ hi gi h-z g 2 _ 

Pol"" ^{hi + hj^{gi + gf) 

the power factor of the first motor : 

Pj — P2 (Ai "P A2 gi) (ci hi -j- <^2 ^2) __ 

Eo I — P 2 I 2 \\lii + hi) {gi + y7) — 4 /^? + ^ 

the total efficiency of the system : 

Pi Ps __ (1 — s) {fi -p hi h -p ^1) 

[j6i / A 2 ^1 + A 2 ^2 


etc. 

As instance are given in Pig. 1 . the curves of total torque, of. 
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torque of tlie second motor, and of current, for the range of slip 
from ^ + 1.5 to 5 = — .7 for a pair of induction motors in 

concatenation, of the constants: 

Zq Zi'=> .1 .sy 

r = .01 + .1/ 

Fig. 2 gives the curves of total torque and of current, from 
test of a motor of similar constants, for the range from 

5 = + 1 to 5 = 0. 



Fig. 1. Concatenation of Induction Motors. Speed Curves. 

Y^M + Aj 

As seen, there are two ranges of positive torque for the whole 
system, one below half synchronism, and one from about | to 
full synchronism, and two ranges of negative torque, or generator 
action of the motor, from half to two-third synchronism, and 
above full synchronism. 

With higher resistance in the secondary of the second motor, 
the second range of positive torque of the system disappears 
more or less and the torque curves become as shown in Fig. 3. 
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Part II. 

(a.) The vector representation : 

A = j oP' a (cos a -p j sin «) 
of the alternating wave : 

A = cIq cos {(p — a) 
applies to the sine wave only. 



Fig. 2. Concatenation of Induction Motor. Speed Curves of two 
/_ 6 —5 — 1200 — 110 . 


The general alternating wave, however, contains an infinite 
series of terms, of odd frequencies: 

A = Ai cos {<p—a^ + -^8 cos (3 (p—a^ + A-^ cos (5 (p — a^ A- • 

thus can not directly be represented by one complex imaginary 
vector quantity. 

The replacement of the general wave by its equivalent sine 
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wave, that is a sine wave of equal effective intensity and equal 
power, while sufficiently accurate in many cases, completely fails 
in other cases, especially in circuits containing capacity, or in cir¬ 
cuits containing periodically (and in synchronism with the wave) 
varying resistance or reactance (as alternating arcs, reaction ma¬ 
chines, synchronous induction motors, oversaturated magnetic 
circuits etc.) 

Since however, the individual harmonics of the general alter- 



Fid, 53. OoTUjatoimitiou of Induction Motors Speinl (JurvoH. 
.1 --.Jt,; 7"= .01 + J j 
Rt's. in Secondary of Second JMolor. 


nating wave arc independent of each other, that is, all products 
of dillorent harmonics vanish, each term can be reprefiented by a 
complex symbol, and the equations of the general wave then are 
the resultants of those of the individual harmonics. 

This can bo represented symbolically, by combining in one 
formula symbolic ropresentatiouis of diilerent fre<iuoncicH, thus : 
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1 

where: 

/) — \/ _ 1 

and the index of thejn merely denotes that the/s of different in¬ 
dices n, while algebraically identical, physically represent differ¬ 
ent frequencies, and thus can not be combined. 

The general wave of e.m.f. is thus represented by : 

oo 

1 

the general wave of current by : 


I = {ij -f 4II) 

I 

If: 

Zi = r —j + ^0 + ^c) 

is the impedance of the fundamental harmonic, where : 

is that part of the reactance which is proportional to the fre¬ 
quency (inductance, etc.) 

Xq is that part of the reactance which is independent of the fre¬ 
quency (mutual induction, synchronous motion, etc.) 

Xq is that part of the reactance which is inverse proportional to 
the frequency (capacity, etc). 

the impedance for the nth harmonic is: 


Z T —(n x^ Xq 

This term can be considered as the general symbolic expression 
of the impedance of a circuit of general wave shape. 

Ohm’s law, in symbolic expression, assumes for the general 
alternating wave the form : 



i..-. w+i.v)=i>-‘ 
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JE IZ oy: 


+,/„.?a”) = |^2n-l j^r--y„^^3af,„+a!o+^^J(«V+yn?V') 
Z = j. or : 






^ +in 
“H/u "4’^ 


The symbols of multiplication and division of the terms /, 
thus represent not algebraic operation, but multiplication and di¬ 
vision of corresponding terms of jfe; 7, ^,"that is terms of the 
same index or, in algebraic multiplication and division of the 
series E, /, all compound terms, that is terras containing two 
different vanish. 


(]),) The effective value of the general wave : 

a^Ax cos {(p —ai)+-43 cos (5 f —«:,')+ .. 

is the square root of the sum of mean squares of individual har¬ 
monics : 


A — |“^r "“h -|- ... [ 


since, as discussed above, the compound terms, of two different 
indices n, vanish, the absolute value of the general alternating 
wave: 


is thus: 


A =]^2n--l 
1 


^11 Hh J 

W +]n 


A = 





which offers an easy means of reduction from symbolic to al)So- 
lute values. 

Thus, the absolute value of the e.m.f. 
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£= ^ 2 n-l 

1 

is: 

E = (V + e/) 

1 

the absolute value of the current: 

00 

/ = ^2n-l 4*1) 

1 

is: 

I = /\/^Li (V + 4 “') 

1 

(o.) The double frequency power (torque, etc.) equation of 
the general alternating wave has the same symbolic expression as 
with the sine wave : 

p = [PI] 

=L^jf+j[^iy 

00 

= ^Zn-l 4- 4- |^2u-l jn{enW—eJn^^) 

1 1 

where: 

oo 

P^ = [PIf = '2^-i (., 141 4 - 4 «) 

1 

00 

P^ = [P ly = ^ 2 n-i .4 (en“ iy— ey 4 “) 

1 ^ 

They’n enters under the summation sign of the ‘‘wattless 
power P\ so that the wattless powers of the different harmonics 
can not be algebraically added. 

Thus: 
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The totalpower’’ of a general alternating current cir¬ 
cuit is the algebraic sum of the powers of the individual harmo¬ 
nics. 

The total “ wattless power ” of a general alternating current 
circuit is not the algebraic^ but the absolute sum of the wattless 
powers of the individual harmonics. 

ThuSj regarding the wattless power as a whole, in the general 
alternating circuit no distinction can be made between lead and 
lag, since some harmonics may be leading, others lagging. 

The apparent power, or total volt-amperes, of the circuit is : 




Tbo power factor of the circuit is: 


P 


Q 






The term "•iiuluctance factor” however, has no nunningmiuy 
more, Rinco the wattless powers of the (liil'erent harmonics are 
not directly c.om])arahle. 

Tlic {[uantity: 


Qi) = r 1 •—y/'* 


has no physical signiiicance, and is not 


wntiloss power 
tota.1 npjninmt. power 


The term : 


M I 



1 


n / i 
^ n ' n 


K “f 


where : 


1 


<7n - 


11 1 




F: I 


■ n 

tl 
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consists of a series of inductance factors of the individual 
harmonics. 

As a rule, 

< 1 

for the general alternating wave, that is q differs from 

= V 1 —2)^ 

The complex quantity : 

u = I = 

C El El 

4 “) + ^"-1 in 

_ __1_1_ 

^/) ^ 2 n-l (41 + 4I’ ) 

1 1 

CO 

= i> + in ?n 

1 

takes in the circuit of the general alternating wave the same po¬ 
sition as power factor and inductance factor with the sine 
wave. 


p 

TJ = ~ may be called the ^ circuit factor.' 

Q 


It consists of a real term^, the power factor, and a series of 
imaginary terms y'n the inductance factors of the individual 
harmonics. 

The absolute value of the circuit factor: 


U = + (^2n-l q^^ 

1 

as a rule, is < 1. 

Some applications of this symbolism will explain its mechanism 
and its usefulness more fully. 

1st Instance: Let the e.m.f.: 


5 

E= )^2n-i {e^ -\-j^ 


1 
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be impressed upon a circuit of the impedance; 


that is, containing resistance r, inductive reactance and ca¬ 
pacity reactance in series. 

Let; 


= 720 
= 283 
= - 104 


640 

63 “ = - 283 
65 “ = 138 


or: 


igj = 900 
63 = 400 
^3 = 173 


tan w^= .75 
tan W 3 = —1 
tan to^ = —1.33 


It is thus in symbolic expression : 

2^1 — 10 -j- 80 ji 

Zs^lO 

Z 3 = 10 - 32 J, 


= 80.6 
Zg = 10 

S 5 = 33.5 


and, e.m:.f.; 

E = (720 + 540/0 + (283—283/3) + (— 104 + 138/s) 

or absolute: 

E = 1000 


and current: 


^ _ 720 + 540/i , 283 — 283/3 , — 104 + 138 /s 
Z 10 + 80/, "^ 10 ■ 10 — 32/g 


= (7.76 — 8.04 /,) 4- (28.3—28.3/s) + (—4.86—1.73/5) 
or, absolute: 

I = 41.85 

of which is of fundamental frequency: Ij = 11.16 
a U « «i triple “ Is = 40 

“ “ “ “ quintuple “ Ig = 5.17 
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The total apparent power of the circuit is : 

Q = El = 41,850 
The true power of the circuit is: 

:= [IJ If = 1240 + 16,000 + 270 
= 17,510 

the wattless power: 

j =j \_Eiy = 10,000/, - 850 

thus, the total power: 

P = 17,510 + 10,000 /, — 850 j. 

That is, the wattless power of the first harmonic is leading 
that of the third harmonic zero, and that of the fifth harmonic 
lagging. 

17,510 = 1^ r, as obvious. 

The circuit factor is : 

(J =r — = -^] 

Q E I 

= .418 + .239/, - . 0203/5 

or, absolute; 

u = i/.418« + .2593'^ 

= .492 

The power factor is: 

p = .418 

The inductance factor of the first harmonic is: = .239, 

that of the third harmonic — 0, and of the fifth harmonic 
= — .0203. 

Considering the waves as replaced by their equivalent sine 
waves, from the sins wave formula: 

-\- q^ 1 

the inductance factor would be : 


^0 = .914 
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and the phase angle : 


tan w = 2“ 
P 


.914 

.418 


= 2 . 8 , 


0) = 65.4® 


giving apparently a very great phase displacement, while in re¬ 
ality, of the 41.85 amperes total current, 40 amperes (the cur¬ 
rent of the third harmonic) are in phase with their e.m.f. 

We thus have here a case of a circuit with complex harmonic 
waves which can not be represented by their equivalent sine 
waves. The relative magnitudes of the different harmonics in 
the wave of current and of e.m.f. differ essentially, and the cir¬ 
cuit has simultaneously a very low power factor^ and a very low 

inductance factor, that is a low power factor exists without cor¬ 
responding phase displacement, the circuit factor being less 
than one-half. 

Such circuits for instance are those including alternating arcs, 
reaction machines, synchronous induction motors,^ reactances 
with over-saturated magnetic circuit, high potential lines in 
which the maximum' difference of potential exceeds the voltage 
at which brush discharges begin, etc. Such circuits can not cor¬ 
rectly, and in many cases not even approximately, be treated by 
the theory of the equivalent sine waves, but require the symbol¬ 
ism of the complex harmonic wave. 

%nd Instance: A condenser of capacity = 20 m.f. is con¬ 
nected into the circuit of a 60-cyele alternator giving a wave of 
the form: 


e = E (cos (p — .10 cos 3 w — .08 cos 5 ^ + .06 cos Y (f) 

or, in symbolic expression : 

E= e{l^ — .IO3 — .085 -4- .06,) 

The synchronous impedance of the alternator is ; 

Za = —/u n Xq = .3 5 


What is the apparent capacity C of the condenser (as calculated 
from its terminal volts and amperes), when connected directly 
with the alternator terminals, and when connected thereto 
through various amounts of resistance and inductive reactance. 

The capacity reactance of the condenser is: 
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= 


10 ® 


N G, 

or, in symbolic expression: 


= 132 ohms. 


+ in ^ in 

n n 


Let: 


Zi = r — n X = impedance inserted in series with the 
condenser. 

The total impedance of the circuit is then : 


Z — Zq + + in 


n 


= (-3 + r) -i, ( [5 + - 

The current in the circuit is: 


m\ 

n f 


Z 


= e 


.1 


L(.3+?’)—i(i»—132) {.Z^r)—j.J^Zx —29) 

.08 , .06 


+ 


(• 3+0“^5(5a3—1-4:) (. 3-]-^)—^,(7 x-\- 16.1) J 

and the E.M.r. at the condenser terminals: 

*0 i 


= Jn 


n 


132ii 4.4^3 

L(.3+?-)—ii(c»—132) (.3+r)^’3(3£c—29) 




+ 


1.13.;, 


1 


(•3+0—isCS®—1.4) (.3-|-?.)_y,(703-^ 16.1) J 

thus the apparent capacity reactance of the condensers : 

E, 

/Y>. - 1 


and the apparent capacity: 
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G = 


10 ° 

IT JV OOl 


(a.) 35 = 0 : Eesistance r in series with the condenser Ee- 

dnced to absolute values, it is: 


_1 


.01 


.0064 


,+ 


.0036 


(.3 -hr?+ l74M+f.3+r?4-84l+(.3+ry +T96 _(-S+y+ISQ 

(.3+ry+iWM +{J +,)«+8 ?I+ + 259 

^ _ 0 ; Inductive reactance x in series with the con¬ 
denser. Eeduced to absolute values, it is : 


Xi 


.01 


.0064 


.0036 


09+(x-l Wf'^m4-(2x-m‘'^.09+{5x- 1.4)^^.09+(735+16.1); 

-17424 i i9!4 ~Z ^-^5 , 1-^6 

.09+(a:-13^"'^.09+(3a5-29)* .09+(.5a?-1.4)2 .09+(7a5 + 16.1)’ 


From — are derived the values of apparent capacity . 

35i’ 

r- 10' 

^2 nJV x, 

and plotted in Fig. 4 for values of r and x respectively varying 
from 0 to 22 ohms. 

As seen, with neither additional resistance nor reactance in 
series to the condenser, the apparent capacity with this generator 
wave is 84 m.f., or 4.2 times the true capacity, and gradually de¬ 
creases with increasing series resistance, to 0 = 27.5 m.f. = 
1.375 times the true capacity at r = 13.2 ohms or +■ the true 
capacity reactance, with r — 132 ohms or with an additional re¬ 
sistance equal to the capacity reactance, G = 20.5 m. f. or only 
2.5^ in excess of the true capacity (7o, and &ir= oo, G = 20.3 
M. F. or 1.5^ in excess of the true capacity. 

With reactance x but no additional resistance r in series, the 
apparent capacity <7 rises from 4.2 times the true capacity at a: 
— 0, to a maximum of 5.03 times the true capacity or (7 
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jOO.O M. F. at = .28, tlie condition of resonance of the fifth 
harmonic, then decreases to a minimum of 27 m. f. or in ex¬ 
cess of the true capacity, rises again to 60.2 m. f. or 3.01 times 
the true capacity at x = 0.67, the condition of resonance with 
the third harmonic, and finally decreases, reaching 20 m. f. or 
tlui true ca|)acity at x = 132 or an inductive reactance equal to 
the (!ai)acity reactanc^c, then increases again to 20.2 m.f. at x=. oo. 

This rise and fall of the apparent capacity is within certain 
limits iudepondent of the magnitude of the higher harmonics of 
the gnmerator wave of e. m. f., but merely depends upon their 
])resence, and it thus follows that the true capacity of a conden¬ 
ser (‘.annot even approximately he determined by measuring volts 
and anipcu’OH if there arc^ any higher harmonics present in the 



or rt»ncOuioo .r (//) in scries. 

gemu’alor wave, except hy inserting a %^ery large resistance or 
reacdaiKH^ in stumps to tlu^ comlenser. 

Writ iNHfiUivr: An alternating current generator of the wave: 
ii; ::::: 2000 [ 1 , + .123 — — -1 3, | 

and of synchronouH impedancti: 

^ *3 h Jn 

fecMls over a line of imptalance: 

= 2 — 4 n Jn 

a synchronous motor of the wave: 
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Ej, = 2250 [(cos u> -\-Ji sin co) + .2i (cos 3 w -{-Js sin 3 «)] 
and of synchronous impedance: 

Z-i = .3 — 6 nj^ 

The total impedance of the system is then: 


Z — Zq Zi Z^ 
= 2.6 — 15 n U 

thus the current: 

/_ Eq — E 

Z 


_2000—2250 cos (o —2250yi sin <0,240—540 cos 3<y—540y3sin 3<o 

2.6—15ii 2.6-45^3 


460 


260 


2.6 — 75 y’s 2.6 — 105 y, 

= («l‘+7>l”) -f («3'+i3t*s“) + + (^T'+iT^T'O 

where: 

ai=22,6 —25.2 cos oj-\-14:6 sine; —146 cos co —25.2 sin co 

(2;3^=.306-.69cos3a>-j-11.9 sin 3a) a53^^=5.3“11.9 cos 3a>-.69 sin Sco 

a,^^=—6.12 

^n^_2.48 


-.213 


or, absolute: 

1st. harmonic: 


3rd. harmonic: 

5th. harmonic: 
Yth. harmonic: 




^3 




= a/ a/ + 


Os = 6.12 

= 2.48 


I = Vax^ -j- fig* -(- <}g* _j- 
while the total current of higher harmonics is : 
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= (2250 cii cos (o)-\-{pi0ai cos Sco-\-64:0a^^^ sin 3a>) 

= JP^^ + Ps^ 

= 2250 cos w + aF sin co) 

is the power of the fundamental wave, 

Pgi = 540 (^ 3 ^ cos 3 + <^ 3 ^^ sin 3 co) 

the power of the third harmonic. 

The 5 th and 7 th harmonies do not give any power, since they 
are not contained in the synchronous motor wave. 

Substituting now different numerical values for co the phase 
angle between generator e.m.f. and synchronous motor counter 
E.M.F., corresponding values of the currents I Iq, and the powers 
P 15 Pi^j Ps^ 3 .re derived. These are plotted in Fig. 5 with the 
total current I as abcissae. To each value of the total current I 
correspond two values of the total power F\ a positive value 
plotted as Curve 1 —synchronous motor—and a negative value 
plotted as Curve II — alternating current generator—. Curve 
III gives the total current of higher frequency Iq, Curve lY, the 
difference between the total current and the current of funda¬ 
mental frequency, I — in percentage of the total current I, 
and V the power of the third harmonic, F^^, in percentage of the 
total power F^. 

Curves III, lY and Y correspond to the positive or synchron¬ 
ous motor part of the power curve Ph 

As seen, the increase of current due to the higher harmonies is 
small, and entirely disappears at about 180 amperes. 

The power of the third harmonic is positive, that is, adds to 
the work of the synchronous motor up to about 140 amperes or 
near the maximum output of the motor and then becomes 
negative. 

It follows herefrom that higher harmonics in the e.m.f. waves 
of generators and synchronous motors do not represent a mere 
waste of current, but may contribute more or less to the output 
of the motor. Thus at 75 amperes total current, the percentage 
of increase of power due to the higher harmonic is equal to the 
increase of current, or in other words the higher harmonics of 
current do work with the same eflSciency as the fundamental 
wave. 
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Discussion*. 

The Peesident :—The paper is now before the Institute for 
discussion. 

Dr. Louis Bell:— It strikes me that the most important 
proposition which Mr. Steinmetz has made is in calling attention 
to the facts regarding the imperfection of the ordinary sine wa^e 
computations in dealing with some phenomena which we encounter 
in those cases having combined capacity and inductance as in long 
lines. Again and again we hnd evidence in long line work of 
the existence of the higher harmonics. I think more and more 
in a practical way it is being forced on our attention that the 
variations from the sine waves make themselves felt in a very 
striking wa}^ I firmly believe that by recognizing these varia¬ 
tions in the treatment of the subject by complex quantities and 
bringing them into the summation so as to deal at least approxi¬ 
mately with the conditions, tlms bringing the analysis to bear 
on that one point, we shall be able to clear up a great many 
things now unexplained, and also very possibly to lick into shape 
the practice of dealing with cnrrents containing harmonic factors 
so that we shall be able to understand more clearly what the 
conditions of minor resonance are and how to correct them. It 
is this phase of the matter which is most important. We are 
constantly running in practice against these variations from 
the sine wave. 

Prof. Thomson :—I think Dr. Bell has hit the nail on the head 
in regard to this paper. He has voiced my opinion in regard to 
it. We are constantly striking things which appear to us anoma¬ 
lies. We measure the capacity of a condenser by an alternating 
current, we find that the result is all wrong, we can’t get mj 
consistent results. And such things we are meeting constantly, 
and Mr. Steinmetz himself is constantly meeting them I know on 
a large scale. This work of Mr. Steinmetz gives us a method of 
getting at an understanding and predicting results where formerly 
we had to experiment and take our chances. 

The President :—The excellent paper before us marks an im¬ 
portant step in the development of the vector analysis of alterna¬ 
ting-current phenomena. Hitherto we have been compelled to 
limit the use of vectors to electromotive and magnetomotive 
forces, and their offspring currents and fluxes, and exclude ac¬ 
tivities. Mr. Steinmetz shows, however, that by adopting a 
separate vector plane for power we may also represent it by a 
vector having real and imaginary components corresponding to 
the real and wattless components. The advantages of this means 
of representing power are considerable, and we have only to take 
care not to confuse the plane of single frequency in which we 
draw our forces and currents, with the plane of double-frequency 
in which we draw our powers. The two planes must be kept 
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distinct in the mind and the algebraic laws they follow are also 
distinct. 

Peof. 'W. E. Golbsboeough :—I should like to say a word as 
coming from our universities to express how much we are in¬ 
debted to Mr. Steinmetz for giving us a method, differing from 
the older methods we have used, which enables us to place before 
our students in a much more simple form many of the problems- 
in electrical engineering. It is rather startling to the student at 
first to find that complex quantities admit of so direct and simple 
an application, but he is always charmed with the result. I doubt 
if Mr. Steinmetz fully appreciates the effect of his work in modi¬ 
fying the curricula of our American schools of electrical engineer¬ 
ing ; and in connection with this paper as in connection with the 
other valuable papers which he has given us I am glad to express- 
the sentiment of our gratitude to him. 

Pkof. 0. A. Adams, Je. :—I wish to add one more word of grati¬ 
tude for Mr. Steinmetz’s valuable addition to his very valuable 
work along this line. I wish also to emphasize what Dr. Bell 
has said in regard to the practical importance of this subject of 
harmonies. Problems are continually arising in practice where 
they play a very active part, and tliis is not only true in long 
distance transmission lines, but also in the underground alterna¬ 
ting current distribution in our large cities, particularly in Boston 
where the amount of such distribution is very considerable. 
Even in the case of the comparatively small fluctuations of the 
arc lighting current, there are strong indications of trouble from 
the same source. 

Me. T. J, Johnston:— I am not competent to criticize Mr. 
Steinrnetz^s paper, for like the famous Scotch joke, I have fol¬ 
lowed it with difficulty, but it seems to me that there is an error 
in the induction motor curves; taking Figs. 1, 2 and 3, the 
percentage of synchronism is given, for example, as one-tenth of 
one per cent., whereas it should be ten per cent.; in other words 
all of these figures are given one-one-hundredth of what they 
should be; I think Mr ISteinmetz will corroborate that. 

Some time ago Mr. Steinmetz explained to me in a general 
way the fact that the general alternating wave contained only 
odd harmonics, that is, as generated by dynamo and motor. I 
do not know whether that is so in relation to all alternating cur¬ 
rent apparatus, for example, the transformal and induction regu¬ 
lator; that is, X do not know whether there are even frequencies 
intrpduced into the wave by apparatus other than rotating arma¬ 
tures, I would like to have Mr. Steinmetz say whether that is 
true or not. 

The President I would like to call attention to a point of 
terminology which may be important in the future and which 
ought to be cleared up. There is no doubt about the point in 
the ])aper, ^ because the meaning is clearly defined. The term 
torque is used with a meaning which seems misleading, at 
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least to those who may not have the definition before them. It 
is stated to be the product of the e. m. e. into the quadrature 
component of secondary current. But this product is not a 
“torque’’ or “moment” but is a “power” or “activity,” and it 
is defined as the power which the torque develops at synchronous 
speed. Now a torque cannot be both a torque and a power, 
because the one is a moment of a force about an axis and the 
other is a rate of working. Further on in the paper the “torque 
proper” is defined as this so-called synchronous torque divided by 
an angular velocity and bj the number of poles. Surely it would 
be better to retain the term “torque” for this its usual meaning, 
and use some such term as “synchronous power’’for the activity 
of the torque at synchronism. 

^ Mr. Steinmetz:— Taking up the last question first, I appre¬ 
ciate that it is undesirable to denote by the same name two 
quantities of different dimensions. I was obliged, however, to 
introduce the definition of torque in synchronous watts as the 
only one suitable for general theoretical discussions, by its inde¬ 
pendence of individual conditions of the apparatus, as number of 
poles, frequency, etc. 

In synchronous watts, torque has as definite a meaning as power 
in watts. To avoid the objection of the different dimension from 
torque as usually given in loot pounds, the value T ^ etc., 

may be divided by the frequency: as indeed is im¬ 

plied by “synchronous” watts, or a new name may be invented 
for the quantity T ^ ^ o} if anybody can suggest a suitable name. 

The lettering on Figs. 1 and 2 is obviously a misprint which 
will be corrected, it should read “in fractions” and not “in per 
centages.” 

I would like to draw your attention to one curious and some¬ 
what unexpected feature regarding the effect of higher harmonics 
of E. M. F. on the current input of the condenser. 

The current input, and thus the apparent capacity of a con¬ 
denser, when supplied by a wave of e. m, f., containing higher 
harmonics, is independent of the magnitude of the higher har¬ 
monics, provided that the resistance between generator and con¬ 
denser is negligible, and depends upon the existence of th se 
harmonics only. Thus a quintuple harmonic of 26% of the 
fundamental will send neither more nor less current into a con¬ 
denser at the same effective terminal voltage than a quintuple 
harmonic of 6% or less, at negligible resistance. 

The only effect of the magnitude of higher harmonics is that 
the resistance which is negligible with a higher harmonic of 26% 
of the fundamental, may not be negligible with a higher harmonic 
of 6%, or in other words the lower the amplitude of the higher 
harmonies the lesser resistance is sufficient to suppress their efect 
on the condenser. 

Dr. Bell :—In this matter of torque, I must beg of Mr, Stein- 
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metz out of kindness to the profession not to invent anew name. 
“We have now not a deficit but a plethora of new names and I 
think that a little clearer explanation would avoid what I should 
style a real calatnit 3 \ 

In respect to this matter of harmonics, one quickl}^ realizes 
that when it comes to a matter of resonance, when there is true 
resonance, mechanical or of an^^ other sort the original amplitude 
of the wave of energy does not make very much difference. It 
is the resistance to the propagation of the vibrations, whatever 
they may be, that determines the magnitude of resonance. So 
while it seems queer that a small fifth harmonic should raise the 
very deuce with the capacity of a condenser, we should remem¬ 
ber that this condition expresses a general physical fact not at all 
confined to electrical problems. 

Peof. H. J. Evan: —May 1 say in answer to the gentleman 
who spoke of the even harmonics that the positive and negative 
magnetic flux must always have the same value. The e. m. f. 
values will therefore be alike and such values can therefore 
always be made up of components and the fundamental and the 
odd numbers of harmonics. The even numbers would represent 
a state of affairs in which the flux positive and negative would 
not be the same. 

Peof. E. Thomson:— There is just one point about the pro¬ 
duction of the even harmonics. We could provide for them 
without doubt by making a single conductor travel in front of 
magnetic poles of different width, say the north poles of a certain 
width and the south a greater or less width, and a single con¬ 
ductor would thus operate to produce the ordinary wave contain¬ 
ing even harmonics. 

Me. T. J. Johnston: —We may take a vibrating string in 
music and split the vibration so that there will be two nodes, 
making the string vibrate in three parts, giving the third^ har¬ 
monic. Take another string and split that into two parts, giving 
rise to the second harmonic or octave, and the vibrations may be 
so mingled as to sound in the same wave both the second and 
third harmonics. 

What I want to know is, is there anything analogous to that 
in the alternating circuit; by which, for example, by power from 
the outside a second harmonic may be introduced into that cir¬ 
cuit, so that a second and third harmonic will flow in the same 
wave ? 

De. Samuel Sheldon :—In instrumental music the duration of 
the different tones is represented by notes of different lengths as 
eighths, sixteenths and halves. There is also the tempo mark, 
and yet if we take a classic and place it in the hands of an inex¬ 
perienced performer, although the directions on the printed page 
are followed perfectly, the resulting music is in no wise of the 
same character as if played by an artist. The difference be¬ 
tween the performances of the two, the artist and the unskilled 
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performer, is largely a question of allowance in time. Thdr@: is 
a subdivision of the difEerent time intervals far below the limits 
which are represented on the printed music. These subdivisions 
are readily detected by the ear. In the question of alternating 
currents of course any problem could be easily solved were it 
not for phase differences. If we knew the instantaneous values 
of current, e. m. f., torque, etc., in a number of small successive 
time intervals we could solve without the use of any complex 
quantities. However, the difference between the ordinary per¬ 
son and the artist 1 think is well represented here to-day and I 
would like to add my word in appreciation of the artist who has 
presented this paper to us and who seems to perceive these little 
time intervals by self-consciousness. 

Prof. Goldsborouoh :—There is one matter which, so far, I 
believe, has not been touched upon, which is the use of complex 
quantities in connection with the design of electrical machinery. 
If we have harmonics in our circuits they are usually developed 
in the station generator.-: We know that whenever we use an 
iron-clad armature we get harmonics. If we follow the type of 
the smooth core armature it is possible to produce what is prac¬ 
tically a pure sine wave. How, as every introduction'of induc¬ 
tance into the circuit, whether it be from transformers or induc¬ 
tion motors or even from changes in the flux densities used in 
the iron of the alternator, modifies the character of the wave, it 
also modifies the amplitudes of the harmonics which are compo¬ 
nent parts of the wave, and there is presented a series of 
mutually related phenomena the treatment of which is very diffi¬ 
cult. 1 think, therefore, that this paper which Mr. Steinmetz 
has brought out, showing us how we can apply complex quan¬ 
tities to the analyzation of problems involving harmonics, is a 
contribution of great value. In other words, % being able to 
analyze our generators properly, in the process of design, and 
thereby pre-determining the exact character of their regulation, 
we will be better able to adapt them to the needs for which they 
are built, and cut off in the development of the machines the 
undesirable qualities which cause trouble. 


[OoMMUI^riOATEr) AFTER ADJOURNMENT BY DuG-ALD 0. JaOKSON.] 

Mr. Steinmetz makes a very interesting expansion, in this paper 
of his “symbolic’^ method of representing alternating waves, and 
the paper is undoubtedly a valuable contribution to the literature 
of the subject. It is pleasing to find Mr. Steinmetz bringing his 
analysis into more rational paths, as his apparent disregard in 
the past, of the imaginary or wattless component of the power 
vector must have led many students to question the generality 
and truth of his methods. 

Even now, Mr. Steinmetz uses in Part I of the paper, what 
appears to me an unnatural treatment of the power vector, and I 
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therefore present for consideration a treatment abstracted from 
the notes of my lectures to advanced students of alternating cur¬ 
rents. Polar coordinates are used in representing the vectors, 
instead of the rectangular coordinates used by Mr. Steinmetz. 
This is purely a matter of convenience, as the transformation 
from one set "of coordinates to the other is readily effected. Let¬ 
ters in bold face type represent vectors and italics represent 
moduli or tensors. 

The vector of electrical pressure is represented in polar coordi¬ 
nates by 

E = (cos 6 i sin 6), 

or, writing cis d in the place of (cos 6 i sin 0), to represent the 
direction coefficient or turning factor” in the expression, gives 

E = Eds d. 

In the same way current is represented by 
1= Jcis {d — 0) 

and impedance is 

Z = j- CIS ^ = Z CIS (p. 

This quotient is drawn in accordance with the well-understood 
theorem that the ratio of two vectors has a tensor equal to the 
ratio of the tensors of dividend and divisor and an amplitude 
equal to the difference of the amplitudes of dividend and divisor. 

Impedance is here shown to be a vector ratio or quaternion 
which has the characteristics of an operator. Its amplitude is 
wholly dependent upon E and I, it cannot be said to have a 
frequency of its own, and it clearly can have, no effect upon the 
period of E and I which is determined by the period of (?, — a 
period which is in no manner dependent upon Z. On the other 
hand, Mr. Steinmetz is clearly in error when he asserts that, in 
vector equations, impedance, *Z, is a constant numerical factor ” 
and for that reason does not affect the frequency when it operates 
on I to produce E. 

The reciprocal of impedance, whatever its name may ultima¬ 
tely be, is of course, 

Y = CIS (-p). 

The power vector has the form 

P = P cis 

and it is equal to the product of the current and pressure vectors, or 
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P = IE = I JE Q,m 6 ~ (p) {1 cos f — i IE sin (p) cis 2 6, 

Ois^ is therefore equal to cis 2 and it is clearly seen that P has 
twice the frequency of I and E* Moreover, the apparent energy 
P, is shown to be composed of two rectangular coinponents. One 
of these (ZPcos p) is real and represents the true average power 
in the period, and the other {il Psin p) is imaginary, disappears 
when taken over any complete half period, and represents the 
wattless energy (if such a contradictory expression is allowable) 
that swashes back and forth in the circuit but always gives as 
much as it takes in any complete half period. 

By drawing a curve through the points found by giving var¬ 
ious values to d from 0 to 360° in the expression P cis 2^ we 
get the well known sinusoidal ‘‘power loopswhich are of twice 
the frequency of the corresponding carves of pressure and cur¬ 
rent. 

The true energy is zero when 

cos p ='0^ 

that is, when p = 90°, in which case E and I are in quadrature; 
and the wattless energy is zero when 

sin p = 0, 

that i'^, when ^ 0° or 180°, in which case E and I are either 

in phase or in opposition. Mr. Steiumetz’s equations 

ana 

are at once evident. 

• The algebraic sign of the angle p indicates whether the wattless 
energy the result of equivalent inductance or capacity, and its 
numerical value indicates whether the true power is de¬ 
livered or absorbed by the circuit. The application of the com¬ 
mutative law to the vector formulas is not affected by doubling 
the amplitude in the equation. 

All of the deductions which may be properly drawn from Mr. 
Steinmetz’s discussion of the power vector may be more readily 
drawn from the forms given, which are not only in harmony 
with the ordinary analytic forms and appear to be more natural 
but contain indications of evident importance that do not appear 
in Mr. Steinmetz’s forms. 

The discussion may be simply and readily extended to torque 
and applied, to the problems that Mr. Steinmetz introduces. As 
the important quantities in the solutions of the problems relate 
to the magnitude of torque, apparent energy, and true energy it 
is often convenient to transform into rectangular coordinates. 
This (using Mr. Steinmetz’s notation) gives for apparent energy 

P = P' + = (^' I') ± j (^" I — e' 
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where the plus or minus sign should be used between the two 
terms of the last member of the equation as (p is essentially 
positive or essentially negative. 

The further transformations readily follow and it is unneces¬ 
sary to extend the discussion for the pui’pose of showing them. 
Possibly it is needless to add that an analogous treatment is 
equally simple when applied to the matter of Part II of Mr. 
Steinmetz’s paper. 


The Chairmax: —We will pass to the next paper on the pro¬ 
gramme, which is ^‘The Cost of Electricity in Some Typical 
Buildings in JN’ew York City,” by Percival Kobert Moses. 



A paj>er presented at the Sixteenth Goieral Meet- 
iftg of the American Institute of Electrical 
Engi^ieers, Bostoti^ fune 2C)th^ Presidefii 

Ke?znelly in the Chair. 


THE COST OF ELECTEICITY IN SOME TYPICAL 
BUILDINGS IN NEW YOEK CITY. 


BY PEECIVAL EOBEET MOSES. 

For several years I have been questioned as to the cost of 
electricity in isolated plants and frequently the statement was 
volunteered that ^^of course the central station supply can offer 
much better terms.” I have partially investigated the condi¬ 
tions existing in over a hundred buildings of various sizes and 
types, and as the subject is one of general interest to engineers 
and laymen. I have ventured to prepare a paper embodying the 
results I have found, and trust that the discussion thereof, will 
bring additional figures of value. 

I have thought it best to confine my paper to a few typical 
buildings, which I know all about, and to discuss these in detail, 
rather than to tabulate figures more or less accurate from a large 
number of buildings, where all the conditions were not obtainable. 

The methods by which the figures have been arrived at, are of 
course, of the highest importance, in fact, they entirely determine 
the value of the results. 

In all cases except where otherwise stated, the kilowatt hours 
supplied by the isolated plant have been obtained, either from 
hourly and daily reports of ammeter readings, or from wattmeter 
readings. 

The other items of coal, water, oil, waste, lamps, labor, etc. 
have been furnished me by the owners, from their books, or in 
one case, by the agent in charge of the building. I have laid 
great stress on the necessity of obtaining accurate results, and 
as the question was one of interest to all who run plants, 
I experienced little difficulty in obtaining access to the books. 
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As the question of distribution and character of load has a 
considerable influence on the fuel consumption and the labor 
charge, I have included load diagrams from many of the plants, 
obtained as stated either from logbooks and hourly records, or 
from personal readings. 

Before proceeding with the figures and diagrams, a definition 
and an explanation are necessary. What is the “ cost of electric 
lighting or electricity” in a building plant ? In my opinion, the 
cost of electricity in a building plant, is the difference between 
the cost of supplying the other requirements of the building, (the 
electricity being purchased outside), and the cost of supplying the 
other requirements of the building and electricity from private 
plant. The cost in all cases to include interest and depreciation. 
Interest and depreciation are reckoned at 5^ each. Money is 
invested in a plant and can generally be replaced at an interest 
charge of 5^. The plant may be considered worthless in fifteen 
years, as an average ease, and enough must be put aside yearly to 
repay this amount of its cost. 5^ per annum with interest at 
will equal the original investment in 15 years. 

No cost per kilowatt hour can be definitely fixed, as every case 
must be determined for itself. For instance; the cost of electricity 
where steam is obtained from a central service may be quite 
different from the cost where boilers are operated. The addition 
of the electric plant in the former case may cause a large and 
expensive increase in the labor and rental charges while in the 
latter case no increase in these items might be necessary. The 
cost of electricity in a building, where high-speed elevators, 
refrigerating and laundry machinery are operated, in addition to 
the electric plant, is much less per kilowatt than it is in a loft ” 
building, where skilled supervision was not necessary before the 
introduction of an electric plant. The necessity of steam for 
heating has an important influence on the cost, and on this account, 
figures for buildings in New York would be of little value in 
New Orleans or Toronto. 

I have chosen for discussion in the paper, data from hotels, 
oflice buildings, loft buildings, department stores and apartment 
houses. 

Considering the hotels, and with proper respect to height, the 
tall one first: This hotel is 15 stories in height and is an example 
of the finest and best in the hotel line, although the rapid im¬ 
provement and development of the past two years has made even 
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this modern plant slightly old-fashioned. It contains 11 electric 
elevators, four of which are high-speed screw elevators, compound 
engines, directly connected to generators, water-tube boilers 
operating at 125 lbs. pressure and a complete refrigerating and 
ice-making outfit, besides all usual apparatus and laundry ma¬ 
chinery. One of the proprietors, very courteously placed his 
logbooks at my disposal. 

In Fig. 2 are shown curves of hourly variations in the de¬ 
mand for light and power. This curve does not include elevator 
power merely the power for motors as laundry, kitchen, office, 
etc. The elevator load being of the usual character and similar 
to that shown in Figs. 6 and S. Curves, for which I am indebted 
to the engineer, of average daily lighting load are shown for six 
months of 1897, in Fig. 3. 

The cost of the electricity in this hotel, is the difEerence between 
the cost of operating plant with the electric generating apparatus 
and the cost without. 

A depreciation and interest charge on about one-fifth of the 
boiler and steam piping should be added, as about four-fifths of 
the boilers installed would have been necessary without the plant. 
This amounts to about $500 per year. 

Without going into the question of what the total cost of 
operating this plant is, there are certain items, such as lamps, 
cylinder and machine oil, engine and dynamo repairs and pack¬ 
ing which may be directly charged to electricity. These amount 
to t{)3000. In the item of labor, if an electric plant were not in 
operation, 1 engineer, 2 firemen and 2 oilers could be dispensed 
with—about |3600 per year. 

The question of amount of coal used per kilowatt hour in this 
plant depends entirely on the season and the amount of current 
supplied. If the exhaust steam from the engine is insufficient to 
meet the heating requirements, additional lighting makes no ap¬ 
preciable change in the amount of coal used. During warm weather 
or when the steam for lighting exceeds the amount required for 
heating, the amount of coal used increases in proportion to the 
electricity supplied. The curve of coal per kilowatt hour would 
therefore be similar to the curve of steam generation, i. e., it 
would be almost straight, until the heating requirements were 
met, and would then rapidly increase for additional kilowatt 
hours supplied. This variation is illustrated by the following 
table [See next page.] 
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From A.pril 25th to May 2ridj the hotel lighting was supplied 
by the Edison company, the elevators and motors being supplied 
from the isolated plant. From May 4th to May 11th, the whole 
installation was supplied from the isolated plant. As the tem¬ 
peratures for the two weeks were nearly the same, the work^ 
other than the lighting, may be considered about constant, and 
the variation in the average amount of coal used charged to the 
electricity supplied. 

In March and January coal per additional kilowatt hour may 
be estimated in a similar manner, although as the Edison service 
was not used, the differences are not so great and the deductions 
are therefore liable to large error. 


Interval. 

Ampere 

hours. 

Kilowatt 

hours 

total. 

Coal lbs. 

Coal per 
additional 
K w. hour 

Average 

load 

kilowatt. 

Average 
Temp, 
at 6 P.M. 

May 4-11. 

5+39 X 24 

15200 

221000 


83 

57° F 

April 25-May 2. 

2313 X 24 

6400 

195000 


28 

61^^“ F 

Difference. 

3126 X 24 

8800 

26000 

2-95 



March (2-6) (14-18). 

7140 X 24 

20250 

339000 


los 

43° F 

March (6-14). 

6569 X 24 

18600 

329C00 


97 

44^° F 

Difference. 

571 X 24 

1650 

12000 

7 25 



Jan. (is-32) (ag-Feb. 5). 

127:9 X 24 

36000 

608000 


107 

32'/^° F 

Jan. (1-8) (22-29). 

11899 X 24 

33660 

593000 


101 

3t^° F 

Difference. 

820 X 24 

2340 

15000 

64 




This table shows the kilowatt hours supplied during 2 sets of 
7 days each in May, 2 sets of 8 days each in March and 2 sets of 
14 days each in January. As the work done other than the 
electrical is about constant during any pair of sets of days the 
difference in amount of coal used is chargeable to the electricity 
supplied- Inspection of the table shows that throwing the 
lighting load on the Edison service from April 25 to May 2nd, 
reduced the coal used by less than 3 lbs. per k. w. hour. As the 
actual coal per k. w. hour in the hon-heating season is between 
3i and 4 lbs. it is evident that during the period, April 25th- 
May 2nd, the exhaust steam was insufficient to heat the building 
and also that the additional 8800 k. w. hours supplied, after the 
Edison supply was cut off from May 4th to May 11 th, were not a 
direct charge on the coal pile. The results in March and 
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January are as stated,’subject to large errors but they serve as 
an indication of the influence of heating. It is evident from the 
table that in January and March the exhaust was in excess of the 
steam required for heating, while the contrary was the case from 
April 25th to May 2nd, when the Edison current was in use. 
The coal chargeable to electricity is derived as follows: 

The current supplied from April 25th to May 2nd (excluding 
Sunday) was approximately equal to that supplied from May 4th 
to May 7th and also from May 8th to May 11th. J3y combining 
these figures and eliminating the electric factor, a rough idea of 
the constant requirement is obtained and proves to be about 
24,.000 pounds of coal per day, exclusive of electricity at this 
mild season. 

E(|ual amounts of electricity were supplied during two periods 
of 13 days and of 12 days in July. 

The difference in the amount of coal burned was 22,000 
pounds. As the total amount of electricity supplied was the 
same, this difference is evidently the constant quantity of coal 
used, exclusive of that required for electricity. The constant for 
July is therefore about 22,000 pounds. This method is subject 
to considerable error, but by comparison with other of the non¬ 
heating months the figure obtained has been shown to be about 
correct. 

In the same way the constant for March is fixed at 35,000 
pounds coal per day. That for January is about the same. 

The coal per kilowatt hour in each of the above months is the 
difference between the total coal used and the constant coal re¬ 
quirement, divided by the number of kilowatt hours. 

The total coal used in 25 days in July was 700,000 pounds. 
The constant demand 550,000, leaving 150,000 pounds for the 
electricity, and as 41,500 kilowatt hours were supplied this 
gives.a figure of 3.62 pounds per kilowatt hour. 

In January, in 14 days, 608,000 pounds of coal were used, and 
subtracting the constant coal, i. e., 14 X 35,000 pounds equals 
490,000 pounds, leaves 118,000 pounds for 36,000 kilowatt hours 
or 3,27 pounds per kilowatt hour. The average for the year 
will not exceed 3.4 pounds per kilowatt hour. 

The total kilowatt hours per year exceeds 825.000. The cost 
of electricity in this hotel is therefore. 



810 


MOBES ON COST OF ELEOTBIOITY. 


[June 26, 


Coal. 

Labor. 

Sundries, (lamps, repairs, supplies, etc. 

Interest and depreciation. 


$ 4,075 

3,600 

8,000 

'$ 10,676 

8,000 

$ 13,675 


Cost per K. w. hour exclusive interest and depreciation.. 1.3 cents. 

“ it it inclusive “ “ “ •• 

Coal per K.w. hour.^.4 pounds. 

Cost of coal per k. w. hour... 0*5 cents. 

By tliG introduction of an automatic stoker and a storage bat¬ 
tery and the use of cheap coal with proper provision for ensuring 
good combustion, this figure could be further reduced, but it is 
pretty nearly low water mark for electricity, as supplied from an 
isolated plant. 

A smaller hotel of which the data follows has had a plant in 
operation only a few months, but as a log of coal, amperes and 
other plant items is carefully kept hourly, its discussion will be 
of value. This hotel is 75x100 feet with an L 25x100 feet, 
seven to eight stories. 

The electric plant is too small for the work, but it was installed 
with two understandings: Ist, that the Edison current was to 
be on hand for emergencies; 2nd, that no signs were to be in¬ 
stalled. Four signs have been installed and the Edison current 
removed. I merely insert these facts as an example of the diSi- 
culty in meeting conditions. The plant consists of 

Two H. T. 4:' X 12^ 4:0 H. p, boilers. 

One 12' X 7' X 10' Worthington elevator pump. 

One X x 4:' Worthington return pump. 

One house pump. 

One 35 k. w. engine generator combination. 

One 3-ton absorption Steele & Oondict refrigerating machine. 

Steam is supplied to kitchen, elevators and other pumps, to 
engine and ice machine. 

The previous cost of heating and elevator operation was 


Coal, 2 tons per day, $4...$2,900 

Labor, 3 men... 1,820 

Sundry supplies. 150 

Water (for purpose of comparison). constant 


$4,870 

In order to determine the cost of electricity the above cost 
should be reduced by $770 on account of saving obtained by use 
of small coal. 
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On this basis the cost of heat and elevator operation was 
13,600. The cost of installing generating and refrigerating plant 
was $5,000—a plant to meet the present conditions and maintain a 
proper reserve would have cost iTjSOO, on which an interest and 


depreciation charge of $750 is ample. 

The present cost of operation is 

Coal, 3i tons per day, at $3.75. $3,500 

Labor, 4 men. 3,000 

Oil, waste, lamps (estimate). 300 

Ammonia. 50 

Water, constant. 500 


$6,360 

Interest and depreciation. 750 


Total cost... $7,100 

Previous cost... 3,600 


Cost of electricity, refrigeration and steam for kitchen.$3,500 


The light nsed averages 2,500 ampere hours per day at 118 
volts equal to 2,150,000 — 16 c. p. equivalents in a year. 

The refrigeration varies from 1^ to 2 tons per day, ice melted 
equivalents = 640 tons per year. 

The cost of these two items at cents per 16 o. p. equivalent 
and $3 per ton for ice would be $8,370 per year. 

This shows a net saving of about $5,000 per year by the isolated 
plant. To obtain a figure for the cost of electricity in this plant, 
the cost of water used for condensing the ammonia gas into liquid 
ammonia, the interest and depreciation on the cost of refrigerat¬ 
ing apparatus and the cost of ammonia must be deducted. These 
amount to $650. 

By a test made on the refrigerating machine, I found that 50 
pounds of steam per hour per ton actual refrigeration was suffi¬ 
cient to allow, and on this basis the coal used for refrigerating 
amounts to about 100 tons or $275 in the year—the hours of 
operation being averaged from the log records. The labor 
increase may be divided between the electric and refrigerating 
apparatus in proportion to the coal used i, <?., four-fifths and one- 
fifth. 

The cost of electricity supplied is therefore: 


Coal, 450 tons at $3.75. $1240 

Labor, $660 x f... 530 

Oil, waste and lamps.. 375 

Water. 50 

Interest and depreciation. 550 


$3645 
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Cost per K. "W. hour is 2645 x 20 . 2.45 cents 

2,150,000 

Coal per k. w. hour 900000 s 20 ... g 37 ponnds 

2,150,000 

Cost of coal perK. w. hour. cents 


TI 16 load curves shown in 4 are characteristic of this 

type of hotel, or more properly of the restaurant, and in general 
ontline will be duplicated in any restaurant having illuminated 
signs and decorative lighting. Its characteristics are, a steady 
light load during twelve hours and a steady heavy load during 
ten hours—conditions best met by two units, or in some cases 
three. 

As an example of what an engine can do when necessary, it is 
worth noting that this plant has run on an average over 20 hours 
a day for the past four months, with an eight-hour daily overload 
of from twelve to twenty per cent. The use of a force pump 
system of oiling with filtering device etc. on the engine, has 
amply proven its value by reducing the consumption of machine 
oil to less than one quart per day, about 0.00025 cent per k. w. 
hour. 

From the hotel to many apartment houses the change is more 
nominal than real, as frequently in those of the more modern 
type electric light, refrigeration and steam heat are distributed 
throughout “ free ’’ to the tenants and a large restaurant on the 
ground floor makes the resemblance complete. There are, how¬ 
ever, apartments having a load quite distinct from the hotel. In 
these, electric light is only supplied from 5 o’clock until 12 or 1 
and during the rest of the time tenants burn gas, which they pay 
for directly. As most of the cooking is done by gas ranges, the 
small additional charge for light used is not objectionable. Ele¬ 
vator service is necessary at all times, or at least until late at 
night. Formerly these elevators were steam-hydraulic, but lat¬ 
terly the electric type has predominated. "Where light is fur¬ 
nished free, an isolated plant is installed (unless the building is 
in speculative hands) but when light is not free, a plant is seldom 
installed. In none of these plants have I been able to obtain a 
eomplete hourly record of lights burned, but from several of the 
same size I have obtained careful estimates, which, as they agree 
very closely may be considered approximately correct. The coal, 
labor and similar items are exact and are taken from records. I 
will instance two, which are typical of their kind. 
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^The first is a seven story apartment liouse, 100 x 100 feet, with 
3b apartments, a small restaurant, havingtwo hj^draulic passenger 
elevators and one hydraulic freight elevator and a belted electric 
light plant. The latter operates only at night and until one o’clock. 
One engineer and a fireman during the day, and one man at night 
constitute the entire staff, and as the repairs have been nothing 
for the past five years, and as the service has been thoroughly 
satisfactory, the staff is evidently sufiicient. 

The total cost of operating the steam and electric plant is: 


Coal. 

Water (estimated) 25c. per ton of coal 

Oil, waste, etc. 

Engineer, fireman and assistant. 

Lamps, ashes and repairs. 


11642 

90 

72 

2390 

115 


Total cost 


$4309 


A similar apartment house having one hydraulic elevator and 
©team heating and outside electric service, costs : 


Coal (for heating and hot water)... 
Labor (2 men $12 and 10 per week). 
Sundries (estimated). 


$1157 

1144 

100 


$2401 

TLe cost of elevator and light service is therefore aboat $2,000 
per year. The total installation is 900 incandescent lights and 
the average load from five until twelve, is 500 lights reduced in 
summer to about 350. The total number of kilowatt hours sup¬ 
plied by this plant is over 55,000. The cost per kilowatt hour is 
therefore, 3.8 cents, exclusive of interest and depreciation, which 
add 0.9 cents or a total of 4.7 cents per kilowatt hour. The coal 
per kilowatt hour is about 7 pounds. The cost at present whole¬ 
sale rates would be over double the above figures, i. e., about 
cents per k. w. hour from the central station. 

In another apartment house of the same size, a low pressure 
heating boiler is used with electric elevators. The cost in this 
plant, exclusive of light and elevator power was: 


. $730 

Labor.. ^ ^ ^ ^ 924 

Sundries (estimated). 4g 


$1700 


Electric Elevators (power) 


350 

$2050 
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In an apartment of the same size: 

Coal. $2190 

Labor. 2100 


Sundries (estimated). ..... 300 

$4590 ■ 

The cost of heating and electricity for elevator and lighting 
from the isolated plant was $4590. 

Deducting $1,700, found as the cost in the preceding instance 
of heating and supervision, from $4590 leaves $2900 as the cost 
of elevator power and lighting. As the power for an electric 
elevator from the central service would not cost over $250 per 
year, a k. w. hour of light from this style of plant is evidently 
more expensive than from one with hydraulic elevators and an 
electric light plant, and unless some means of equalizing the^ 
load is employed, this is undoubtedly the case. 

I am watching with interest a storage battery plant installed 
last month, and hope that therein lies the salvation of the electric 
elevator in apartment houses, although another means, i. e. electric 
heating, offers many advantages. In apartments smaller than 
those mentioned, isolated plants are installed in connection with 
hydraulic elevators, but low pressure heating and outside service 
with electric elevators is cheaper and better when it is available. 

A number of experiments are being made with gas engines in 
apartment houses and I hope some of those present will give us 
some definite data regarding them. From figures I have ob¬ 
tained, however, the results are not very promising. 

The conditions in department stores resemble those in hotels and 
hotel apartments. As in the hotel, there is a 24-hour demand 
for light with a peak from 4 until 7 o'clock, but in the store the- 
peak drops abruptly at this time, while in the hotel the load 
either remains stationary or continues to increase for many hours.. 

Characteristic curves of a typical plant are found in Fig. 1,. 
the data having been obtained fromE.. II. Macy and Company, 
through the courtesy of Mr. IStraus and hia engineer, Mr. 
Brennan. 

As in the hotel, these stores use large quantities of steam for 
other than electrical purposes—in Macy’s there are 17 elevators 
(steam and hydraulic), two restaurants, a laundry, a cash blower 
engine of 55 i. h. p. and a small engine for glass cutting. This 
varied use renders it difficult to obtain the cost of electricity, but. 
I am able to present figures from a similar building where elec- 
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tricity for ligliting was formerly bought from the central station 
and where the other eonditions have not varied materially since- 
the installation of the plant. 

The load in this building, although there are fewer lights and 
smaller load maxima than in Macy’s, about equals the total in the- 
latter on account of several display signs which hold up the aver¬ 
age until 10 nightly. 

The additional coal burned since the installation of the plant 
last year is less than 925 tons (pea). 

The total kilowatt hours supplied from the plant was over 
200,000 and the cost of installation, including additional boilers^ 
was not more than $20,000. 

The cost of electricity was 

Extra labor, 1 night engineer, 1 fireman, 1 helper and 1 elec¬ 


trician (6 months).$1,200 

Oil, packing, waste and lamps.. 450 

Coal, 925 tons, at $3. 2 776 

Extra water (about). 260 

Repairs. 


$4,675 

Interest and depreciation (6 months). 1,000 


Total cost..$5^075 

Cost per kilowatt hour less than. 2.85 cents. 

Coal per kilowatt hour. 9,25 pounds. 

Cost of coal per kilowatt kour. 1.45 cents. 


There are, unfortunately, no figures yet for the summer 
months, but the yearly average will not differ greatly from the 
above as the apparatus previously in use, supplied nearly enoui^h 
exhaust steam for heating the building. This can be readily 
seen from the large amount of coal required per electrical kilo¬ 
watt hour in the heating season. 

It is of interest to note that the amount of the electric light 
bill for the six months of corresponding to tliose listed 

was greater than the total present cost of light, heat and power. 

Mr. J. Little, of 15th {Street and 6th Avenue, has put his 
figures in my hands and it is regrettable that no hourly record of 
current is kept. The number of lights used does not vary 
greatly from day to day in a building of this character, except 
for a decided drop in dead summer season. I include these 
figures, as they are obtained from a store, small compared with 
the one just mentioned. 

Mr. Little has one hydraulic elevator and a large number of 
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incandescent and are lights, and as these lights are used for dis¬ 
play advertising, the figure given me of 125 amperes average 
burning for 14 hours per day, may be taken as approximately 
correct, especially as I have partially verified the figures. I have 
reduced the above, 20^ for safety against underestimating kilo¬ 
watt hour cost. The total kilowatt hours on this basis is about 
50,000 per year. 

The increases caused by electric light plant were 


Coal, 330 tons, at $3.55. ^8^5 

Labor . ^24 

Incidentals, including v^ater. 

Total increase.$1,869 

Interest and depreciation. ^^0 

Cost of electricity. $2,119 

Cost per kilowatt hour less than. 4.1 cents. 

Coal per kilowatt hour.pounds. 

Cost of coal per kilowatt hour. 1.6 cents. 


Mr. Little is considering the advisability of a large sign, and if 
he installs one, the additional cost will be merely that of the extra 
coal and sundries and additional wear and tear on machinery. 

In the office building the load line is entirely different from 
the hotel or store, in that there is no load to speak of after 7.30 
o’clock, while the hotel load is at its maximum at that time and 
the load peak is not so pronounced. 

In the Hartford building, corner of 18th street and Broadway, 
a most careful and complete system of records is kept by Mr. £. 
Fred, the chief engineer, under the direction of Mr. Stephen 
Tyng, the agent in charge. Account is kept of everything in 
this building, even to the number of minutes the elevators are in 
actual operation, and through the courtesy of these gentlemen I 
am able to accurately determine the cost of electricity in this 
building. 

Fig. 9 shows curves of daily load for each month in the year, 
the lower being the general average for bright days, the next, 
the general average for dark days, and the highest, the day with 
the maximum peak for the month. 

The total lamp hours of light in one year were.3,000,456 

The total horse power hours of power in one year were.77,869 

The total h. p. hours light and power.311,333 

Total amount of coal used.2,035,700 pounds. 

Coal per e. h. p. hour.9,6 pounds. 

The total coal per e. h. p. hour in summer was.9.4 pounds. 

The total Q 02 I per e. h. p. hour in winter was.11.7 pounds. 
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To obtain the cost of electric light and power as in hotels, the 
cost of heating and operating this bnilding without reference to 
light and power, must first he determined. 

The coal for heating such a building would be about 210 tons 
a year. To retain the same class of service as at present, one 
engineer could be dispensed with. This leaves 1,600,000 pounds 
of coal chargeable to the electric plant and one engineer to which 
must be added oil, waste, etc., Edison and fixed charges. 

The cost of electricity in this’building is 


. $3,ino 

Labor. qqq 

Lamps... 300 

Sundry supplies and ash cartage. 400 

Interebt and depreciation. 1 500 

Edison charge (about). l^gOO 


$7,000 

The cost per k. w. hour ... 4.37 cents. 

The coal per k. w. hour... 9.4 pounds net. 


The cost on central service would be 9.5 cents per k. w. hour 
for light, and 4.5 cents per h. p. hour for power, and the total 
$12,000 for light and power, a balance in favor of the isolated 
plant of $5,000 per year above interest and depreciation. 

The use of a storage battery as an’equalizer and to take the 
night load would reduce the total above, to about $6,250 per year, 
reducing the cost per k. w. hour to 3.9 cents. These figures in¬ 
clude interest and depreciation charges. 

It is interesting to note en passant^ that the amount of time 
the elevators are actually using power varies from one-fifth to 
one-sixth the total hours in commission and that the power used 
in the fields (five-sixths of which is wasted) amounts to about 
twice the power used to operate the cars. 

The next buildings to be considered are those termed loft 
buildings, a class wliich in the modern form is a direct conse¬ 
quence of the tendency toward concentration, and is of rapidly 
increasing importance. These buildings which are beginning to 
canonize upper Broadway (if one may use the term) as the office 
buildings have the lower portion, are from eight to twelve stm^ies 
high, and from 100 to 200 feet deep, with their lower floors 
devoted exclusively to show-rooms and their upper floors to 
show-rooms combined with manufacturing. They are invariably 
of fire-proof construction, and on account of the small compara- 
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tive cost of insurance and tlie large rentable space for a given 
ground area, besides the greatly increased conveniences, have 
practically driven the older five and six story buildings out of 
business. 

These buildings require electiic power for elevators and on 
the various floors for motors, used to drive sewing machines, 
presses and similar apparatus. Electric light is not generally used 
in great quantity in the upper portion, but in the basement and 
first two or three floors, a considerable amount is used for deco¬ 
rative effects, and lighting made necessary by the height of sur¬ 
rounding buildings. in addition to these demands there is another 
demand that has heretofore been met by gas, i, e. direct high tem¬ 
perature heat applications,f or such purposes as irons,presses, rutfling 
irons, etc. With current at central station prices and the present 
keen competition in business, electricity cannot compete with 
gas, but to the isolated plant, the steady load of the electric 
heater is a welcome addition, which proves suflSciently profitable 
to make it worth while, even at a cost equal to gas. I installed 
a plant in such a loft building about eight months ago, and have 
received daily reports since the commencement of operation. 
The results are of interest, as they deal with a field that has been 
claimed by the central station men, as their very own, on account 
of the light average load factor of electric elevators and the com¬ 
paratively short duration of the lighting load, as compared with 
that of hotels or ofiice buildings. 

This building is a ten-story loft building, 55 x 200 feet, having 
two passenger and two freight elevators (all electric) and an 
•electric pump. 

The 10th, 8th, and 7th floors are used exclusively for manu¬ 
facturing. The 9th and 3rd are divided between manufacturing 
and salesrooms and the remainder are all salesrooms, storage and 
shipping departments. The first two floors are beautifully lighted, 
by over 500 incandescents, and previous to the introduction of 
the plant, none of the other floors was lit electrically, except in 
-a few salesrooms. Two five-n. p. and one three-H. p. motors and 
a half-dozen fans constituted the whole electrical equipment of 
the tenants. IJotwithstanding the paucity of electrical apparatus, 
the cost of electric power (including elevators) was $2500 per 
year and the electric light cost a thousand dollars more, though 
the care with which it was used may be seen from the fact, that 
no tenant was able to get the discount allowed for more than 
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“one hour burning per day per lamp installed.” In addition to 
this the gas bills amounted to about $700, principally for heating, 
and a small boiler was run on the top door for dyeing, and run¬ 
ning a small engine. 

The building is exposed on the north above the fourth door, 
and steam from a 150 h. p. Bigelow boiler supplied heat during 
seven and a half months. One man dred the boiler and half 
looked after the elevators. 

The cost of heating the building and supervision (exclusive of 
elevator repairs, and other incidentals not germane to this sub¬ 
ject) was $1600 per year (average). 

The total cost of light, heat and power was about $5800 per 
year. 

In October the electric plant was started, but on account of 
existing contracts, etc., and troubles incident to a change from 
1^0 to 24:0 volts, the plant had not settled down to regular work 
before January. 

The plant consists of three 33 k. w. direct-connected sets, sup¬ 
plying light and power from the same bus-bars at 240 volts; as 
there was only room for the old boiler, a breakdown connection 
was arranged with the street. The meter system was abolished, 
as one c'f the objects was to make the tenants anxious to stay in 
the building, and it was desirable that all possible friction should 
be avoided ; they were therefore allowed to use unlimited light 
for the amount of their previous bills. .Electricity was intro¬ 
duced in place of gas for heating irons and presses, and over 500 
additional lights were installed, the additional light and electricity 
for heating being supplied at the cost of gas. Steam was sup¬ 
plied to the top floor for feather steaming, dye vats and engine. 

The electricity now used by the tenants is about four times 
that used previously to the plant installation, and that the benefits 
are appreciated is shown by the fact that every tenant has signed 
a contract for two and a half years. 

The cost of electricity in this building varies from 1.75 cents 
per K. w. hour in heating weather, to 2.07 cents per k. w. hour in 
non-heating weather, exclusive of fixed charges, which amount 
to .jSjj- of a cent additional. 

The total k. w. hours in January were 11,550, in April, 10,250, 
-of which about 2,500 k. w. hours per month are due to elevators. 

The total coal used per k. w. hour in January was 13.6 
pounds. 
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The total coal used per k. w. hour in April, 11.6 pounds. 
The increase due to heating, about 15 per cent. If the coal 
previously used for heating is deducted, the additional coal per 
K. w. hour, i. e, the coal used for electricity, was about 6.8 pounds 
in January and S.T pounds in April. 

The coal used in May per k. w. hour was about 11 lbs. If an 
equal amount of electricity to that at present supplied were pur¬ 
chased, the cost on the central station service, would be $8200. 

The balance in favor of isolated plant, on basis of equal 
amount of electricity supplied, is over $4000 per year in this 
case. 

This balance would be increased by the installation of a 
storage battery, costing about $5000, avoiding the necessity of 
Edison service and by furnishing absolutely steady load to the 
engine, would reduce the coal used by nearly twenty per cent. 
The night service, which would be furnished by the battery, is 
of such small moment that the coal used for its supply would 
hardly be calculable and would certainly not exceed a few tons. 
The ten per cent, fixed charges on the battery would be over¬ 
balanced by the present cost of Edison service, and the coal 
saved would be net gain. 

I have entered into the details of this plant to a perhaps 
unwarranted extent, but I think several important facts are 
brought out clearly. 

First:—An isolated plant can be operated at a profit at rates 
lower than those of the central station, even on a wildly fluctu¬ 
ating elevator load, and a light load of short duration. 

Second:—That the isolated plant service is a benefit to both 
tenant and owner. 

Third:—Through the isolated plant, and only by this means 
can the use of electric heating appliances be brought to its full 
development. 

Fourth:—The central station cannot compete, in so far as cost 
is concerned, with the isolated plant, where skilled attendance is 
otherwise required, and steam heat is necessary. 

I shall have more to say on this fourth point later. 

Curves are shown in Fig. 10 of the general day load of steady 
light and power in this plant, and in Fig. 6 a curve from five- 
second ammeter readings of lights and elevators is typical of this 
class of service. Figs. T and 5 show daily loads for months of 
January and April. On the same page is shown the total load of 



1899 .] 


MOSMS ON GOST OF ELEOTUIGITT. 


321 


a combined loft and oflSce building winch is spoken of later on. 

The loft building is possessed of one advantage, which in a 
measure compensates for the extreme irregularity of the elevator 
load. The electricity used in summer for lighting, i. e. the non¬ 
heating season, is extremely light when compared to the winter 
load, so that the amount of steam and water wasted is not so 
large, proportionately, as it is in a hotel plant where the demands 
are more evenly divided between the seasons. This condition is 
largely modified by motor and heating load. 

I am unable to present complete figures on a small office 
building, as I have not found one in which hourly record of 
lights burning is kept. 

The coal, oil and other items have been carefully noted in 
several, and as the number of lights burning in a small building 
does not vary greatly from hour to hour, or day to day, I will 
include the figures from one. 

This building is thirteen stories, 50 x 30, and contains two 
drum elevators, two engines belted to 40 k. w. generators and 
one H. T. boiler. [Night service is supplied by New York Light, 
Heat and Power Co. 

The coal used varies from 1863 pounds in summer, to 2007 
pounds in winter per day. 

One engineer and one fireman run the plant, and the cost of 
heat, light and power, exclusive of night lighting and power, is 


less than $2600 per year. 

Labor. $1250 

Coal..'. 750 

Water . 50 

Oil, waste, lamps, sundries and ashes . 260 

Eepairs (estimated).. 100 


$2400 

The cost of electricity in this building is ($2350 plus central 
station charge of $180 plus $500 interest and depreciation) less 
(labor $624 plus coal for heating, $380) = $2,025.00. 

I have been in this building many times at all hours during the 
day and have never seen the ammeter register below 35 amperes on 
one side of the system. The engineer, who has been there several 
years, states the a verage lighting during the day to be 120 lights,and 
the maximum 350. It is therefore, perfectly safe to assume that 
the average current is 35 amperes and the yearly kilowatts 
22,000. The power required by the two elevators is not less 
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than 18,000 kilowatt hours per year, and the total power at least 
40,000 kilowatt hours per year. This makes the cost per kilo¬ 
watt hour, including interest and depreciation, 5.06 cents, exclud¬ 
ing interest and depreciation, 3.81 cents. The coal per kilowatt 
hour is 7.25 pounds and the cost of coal per kilowatt hour is 
0.925 cents. 

These figures are, of course, approximate, but are correct 
within 10 or 15 per cent. 

The cost of operating buildings without electric plants is even 
more interesting than the cost of operation where the plant has 
been installed. 

I have noted in each instance, the cost at the present rates, of 
electricity in equal amount to that supplied by the plant, but the 
figures of the defunct Wool Exchange and of the Sohmer 
building, one containing a million and a half cubic feet and the 
other half a million, will confirm these estimates. Neither of 
these buildings has electric plants but each has two electric 
passenger elevators and one electric freight elevator. 

In the Wool Exchange, the Edison company supplied 822.063 
-16 c. p. equivalents of light, 38,375 h. p. hours of power, at a 
total cost of $7,700. Under the new rates, this cost would be 
reduced to $6,000 total, or as 70,000 k. w. hours were supplied, 
about 8.6 cents average price per k. w. hour. The cost of heat¬ 
ing, operation of pumps and supervision (one engineer and one 
fireman, six months,) was $3,100. The cost, therefore, at present 
rates would be over $9,000. 

Contrast this with the loft building cited, where, with the 
game cubic contents and over 100,000 x. w. hours supplied 
annually, the total cost is less than one half the above. 

Although it is customary to speak of the elevator load as of 
comparatively small importance, in the Sohmer building it 
amounts to two-thirds of the total electricity supplied to the 
building. 

In the loft building, on account of the electric heating appa¬ 
ratus and motors, it amounts to about one-fourth of the total 
quantity supplied. In many of the oflice buildings, it exceeds 
the lighting load, so that it is not a factor by any means despic¬ 
able. It has one advantage to compensate for its momentary 
fluctuating character, which is, that owing to the fact that the 
bulk of weight travels downward at night, its requirements are 
not so severe when the period of heavy lighting commences as 
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they are in the morning hours, and about the same amount of 
power is required from hour to hour and day to day. 

In the Sohmer building, where the lighting factor would seem 
negligible, due to its exposed condition and small depth (30 feet),, 
the cost of electric power for two passenger and one freight 
elevators, and electricity for lighting is over $3,900. The cost 
of heating and supervision is over $l,200~-a total of more than 
$5,100, or $700 a year more than a building nearly four times its 

size, containing an isolated plant. 

The total energy supplied in this instance amounts to over 45,- 
000 K. w. hours, 30,(H')0 for power for elevators and pump, and 
15,000 for lights. The cost per k. w. liour for light was 17.2 
cents, and for power, 6| cents. 

1 am now installing an electric plant in this building, with 
storage battery auxiliary to take the fluctuation and night load. 
The total cost will be under $10,000, and the reduction in annual 
expense will certainly exceed $2,500—an excellent return on the 
investment. The cost per k. w. hour should not exceed four 
cents, everything included. 

This building is 30 x 100 by 13 stories, and is exposed on all 
sides, so it may be considered to offer the most advantages to the 
central station, with the exception, of course, of the small private 
houses and small loft buildings, where, without a block system, 
no rival can enter. The curve of elevator and light load on a 
bright day shows the character of the service. 

As an example of the large part that steam heating takes in 
the expense of operating a building, the Franklin building on 
Murray street is of interest. 

During the months of November and May the coal per k. w. 
hour for electricity delivered was little over seven pounds, but dur¬ 
ing the months of December, January, February and March the 
coal averaged over 20 pounds. Evidently, this difference was 
not due to the quantity of current delivered, and in fact, the coal 
used would have been required whether the plant was in opera¬ 
tion or not. 

I have not given any figures from very small buildings, as the 
question of cost seldom enters; other items, such as convenience 
and space, are more important and decisive. 

It would appear from these figures that the central station had 
no mission to fulfil, except that of supplying breakdown service 
and service to small buildings^ and it seems hard to reconcile this 
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with the enormous annual increase in the gross receipts and net 
returns of the central stations. 

While it is true that a properly designed plant will, under 
good management, furnish current in a building of fair size at a 
cost of from 2 to 4.5 cents k, w. hour, everything included, it is 
not always advisable to install a plant. In many clubs, restaur¬ 
ants and other places, where quiet is absolutely essential, or 
where space is limited, or valuable, a saving of a few thousand 
dollars is not of sufficient moment to make it worth while. 

There is another large class of buildings where the central sta¬ 
tion has a practical monopoly of the field at the present. This 
class is the loft or combination loft and office building, erected 
purely for speculative purposes. I do not mean by this, built 
cheaply, but for sale. Typical examples of these buildings are 
found along Broadway, and are similar to the loft building cited 
in this paper. These buildings are seldom more than half full 
for the first year or two, and are generally sold before the third 
year expires. Light or power are never furnished free. The 
elevators, on account of the comparatively few tenants, are inex¬ 
pensive to run on the central service. The object of the specu¬ 
lative builder is to build the best building possible for the least 
money, and to keep down his operating cost as low as possible. 
In selling his building a lump sum is fixed, based on the esti¬ 
mated cost partially, but to a great extent on the operating cost, 
and by getting his current from the central station for elevators, 
and employing a cheap man to run a heating boiler and look 
after the elevators and machinery, the builder obtains a low 
operating cost and avoids an additional initial expense. 

This class of building is comparatively new, and the possibili¬ 
ties of returns from the tenants have not been fully appreciated, 
but I have little doubt that a few more examples, such as the 
building cited in ray paper, would convince the investor and 
through him the builder, of the advantage of installing an elec¬ 
tric plant, thus reducing the operating cost by the receipts from 
tenants, but up to the present time this has not been the custom. 

Personally, I do not believe that the central station receipts 
will continue to increase at the present rate, unless a supply of 
steam for heating, as well as electricity for power, can be fur¬ 
nished. It is a notewor,thy fact that a great number of the 
largest office buildings down town are buying steam from a cen¬ 
tral station to run electric light engines and pumps, using the 
exhaust steam for heating. 
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The advantage that the steam supply company has over the 
electrical supply company lies in the fact that the former sells 
steam at the cost of coal plus labor, which in all oflSce buildings 
is a large proportion of the total cost. The smaller the building 
the larger the proportion the labor bears to the rest. The elec¬ 
trical company cannot, on the other hand, hope to sell its electric¬ 
ity for much more than the cost of the extra coal, oil, waste, 
etc., and interest and depreciation charges on the plant, that 
would be necessary for local supply. The labor, is in all but 
very few cases, made necessarj^ with or without the plant, by the 
need of skilled attention for elevator and machinery. 

The cost of electricity in the isolated plant has been shown to 
vary from two to five cents per x. w. hour. A study of the clear 
and well written report of tne Edison Electric Illuminating 
Company of New York, is well worth while. From the figures 
given in this report, 1 find that 22,777,000 k. w. hours were 
delivered last year, at an average price of 10.6 cents. The actual 
cost to the Edison company (that is oj)erating expenses divided 
by x. w. hours supplied) is about one-half this sum. This latter, 
of course, does not include interest or depreciation on the invest¬ 
ment. The average price therefor, at the present time, is from. 
two to four times that of the isolated plant, and the cost of man¬ 
ufacture from one to two times the cost in the isolated plant, and 
the reason is not far to seek. 

The isolated plant is never installed unless the conditions 
ensure comparatively large average use of the current and small 
additional trouble. On the other hand, the central station is 
obliged under the terms of its charter, to supply anybody within 
a hundred feet of its mains and the immediate consequence of 
this is, a large amount of unprofitable business. The average 
load for every hour of the twenty-four for the whole year, is 
about 2,600 x. w., while the maximum is nearly 12,800, requiring 
a large excess capacity over that generally used. As a matter of 
fact, the total capacity of the system in kilowatts is stated by 
the report to be over seven times the above average. As this 
excess capacity extends to the mains, as well as the generating 
apparatus, the proportion of fixed charges to cost of operation 
must always be enormous, although the storage battery will, to a 
certain extent, help them out. 

I have little doubt that a continual decrease in the prices will 
be made by the central station, as their business increases, but a 
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similar decrease is going on in the isolated plant, both from the 
increase in knowledge of the requirements, and the increase in 
the uses of electrical apparatus, uses which are largely stimulated 
by the cheap supply. I also believe that there are very few 
plants, that would not welcome the central supply of steam. 

A continued erection of large buildings in a congested area ■ 
will inure to the advantage of the central steam supply and for 
the reasons above given, to the disadvantage of the central elec¬ 
trical supply. 

Only one office building in ten, of modern construction, tabes 
its current from the central station, and with the large loft build¬ 
ings, the story will be the same, as soon as these buildings pass 
into the hands of investors. 

The department stores, hotels, large restaurants and apartment 
houses (where light is given free) have already found the isolated 
plant to be the cheaper and the continued disappearance of small 
buildings will increase these conditions, unless the central station 
companies can discover elevators that will take care of them¬ 
selves, or incorporate with the supply of electricity, a cheap 
supply of steam for heating. 


Discussion. 

The Peesident :—The paper is now before the Institute for 
discussion. 

Me. H. Waed Leonaed :—This subject of the isolated plant is 
a very old one and has a good many points in it pro and con. 
There has been no very radical change in the cost of production 
of energy in isolated plants over quite a period. I remember about 
twelve years ago I secured a great abundance of statistics covering 
probably three hundred isolated plants in the west, and although 
the cost varied, as, of course, such figures always will, the statistics 
were based upon answers to a very large number of questions 
that were framed with the idea of getting accurate figures, and 
the owners in those days were I think perhaps a little more in¬ 
terested in the results than they are now ; at any rate they very 
gladly went to considerable trouble to give me the figures. I 
remember that the cost at that time, that seemed to be attainable, 
in a well installed plant was about a quarter of a cent for 
15 watt hours, which would be in the neighborhood of about 3-|- 
cents per kilowatt hour, and it seems to me that about 3 cents 
per kilowatt hour is pretty close to what can be done in an iso¬ 
lated plant to-day if the same consideration be given to the fac¬ 
tors of the cost that I gave at that time. Personally I believe 
that an allowance of five per cent, for depreciation is insufficient. 
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While you can borrow mouey at five per cent, you can’t borrow 
money at five per cent, on the ordinary isolated electric light 
plant, aDd if you are going to invest money in an electric lighting 
business as a speculation you would not be apt to invest your 
money when the maximum return possible would be five per 
cent., in view of the risk. My own opinion would be that 15 
per cent, would not be at all too much to allow for the interest 
and depreciation charge on a modern isolated plant. 

Another point which has always struck me as of very great 
importance and which is not suificiently allowed for, is the value 
of the space that the plant necessarily occupies. While it may 
be true that in some instances plants will be found where there 
is no other use for the space, I don’t think that is the rule by 
any means and I remember that without considering at all the 
question of space for a storage battery I have frequently been 
much puzzled to find room enough for the electric plant and it is 
very often a very serious problem. In the modern tall office 
buildings the space that the plant occupies in the basement is an 
important matter, and although the owner may not appreciate it 
fully, I consider that a continual charge should be made against 
the operating cost, for the maintenance of that plant in that 
space, because if he had not used the plant in that space he would 
have used something else there. So that it seems to me that 
with an allowance of ten per cent, only for interest and depre¬ 
ciation, and in disregarding entiicly the value of the space occu¬ 
pied, the present paper leans too strongly in favor of the isolated 
plant. Of course, it is incontestable, at least I think so, that 
under favorable circumstances a large isolated plant can produce 
electricity at ^ a, price such that the central station company 
would have difficulty to compete with it, but I do believe that a 
great many isolated plants are being operated at a higher cost 
than the central station company could afford to take for the 
service. In some of the cases here quoted, even with this rather 
small allowance for interest and depreciation, and no allowance 
for the value of the space occupied, you will find 4.7, Ay, 8.06, 
per K. w. hour, and figures of that character. I believe the cen¬ 
tral station would provide electric energy at those figures if they 
saw what the load was. These curves are particularly favorable 
as compared with the average curve of the central Nation, and 
the load factor being high, a low rate could be made for such 
service. I have al\vay8 felt that there was quite a field in the 
direction of supplying energy from the central station at aflat 
3ate per kilowatt for a 24-hour service, allowing the customer to 
have his own storage battery and thus purchase his power at the 
minimum^ rate.^ But as the author stated, there are many 
instances in which the economics which might be derived from 
a storage battery are not realizable because of the lack of space 
and I also feel that a person who installs a storage ])atrery in 
connection with an isolated plant necessarily adds or should add 
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^almost a dollar a day, to the value of the expert labor if he is 
^ 2 :oing to keep his plant to the degree of minimum maintenance 
that he had before he put the storage battery in. And I personally 
think that the percentage allowance for depreciation,on the storage 
battery even to-day, is not such as compares favorably with that 
of a plant that has no battery. 

It seems to me that the whole question boils down to the value 
of the heat of the exhaust stean) as against the economy of pro¬ 
duction on a very large scale by a central station, over a small 
plant. Where the value of this heat is large the isolated plant 
would necessarily have an advantage. But certainly a central 
station plant should be able to, and I believe it does, produce a 
kilowatt hour at a very much lower rate than it could be pro¬ 
duced by an isolated plant if we disregard the exhaust steam. 
Frequently figures of this character are largely a question of 
methods at arriving at results but there is every reason to expect 
that under skilled guidance a large central station should be able 
to produce energy at a rate such that nothing could compete 
with it except for this factor of the value of the lieat for the ex¬ 
haust steam. And since instances seem to be developing where 
the owner of an isolated plant finds that he can purchase from a 
central station, steam to operate an isolated plant, cheaper than he 
can operate his plant by himself, it would look as though in an 
average case the question of cost would be in favor of the central 
station, provided that the central station were able to sell its current 
for a twenty-four hour service and consequently sell it at a low rate. 
It seems to me that the central station ought to be willing, and I 
presume they are in some instances wdlling, to sell a steady 
load at about cents per hour for annual service, and I believe 
that energy bought at such rates and stored and used as required 
will compete quite favorably with the average isolated plant case. 

But of course this question of elevators is a factor tliat nearly 
always is an important one, and the introduction of any means of 
equalization, such as a storage battery, would 1 believe operate 
elevators at an advantage as compared with the rates which would 
have to be charged by the central station if the current were so 
excessive at times, as the direct load of ihe average elevator de¬ 
mands, when operated by the ordinary methods in use to-day. 

It seems to me that in this kind of a case the greatest saving 
can be effected by the owner making use of the service of a 
thoroughly competent and unbiased engineer, because each prob¬ 
lem is one which must be studied by itself, and the various fac¬ 
tors of electric light, heating, elevator service, etc., vary so widely 
that what in one case might result in a saving would in another 
case be a serious disadvantage. 

Mu. A UTHUR Williams :—Nothing, perhaps, could more clearly 
illustrate a point I wish to make in regard to the use of the ex¬ 
haust steam of a private plant for heating than the curve which 
Mr. Moses has drawn—the characteristic load curve of an office 



830 


M08ES ON GOST OF ELEGTRIGITY. 


[June 20, 


building. During the early part of the day,and in the early morn¬ 
ing hours especially, the need for heat is at a maximum, whereas 
there is very little demand for artificial light in the late after¬ 
noon, when the demand for lighting, and therefore, the supply 
of exhaust steam is at a maximum; the necessity for heating is 
at a minimum. 

Mr Moses’ paper is based almost entirely upon conditions as 
he understands them in ]Mew York City, where he believes the 
possibilities of the near future for the central station are rele¬ 
gated to the supply of current for small customers and break¬ 
down connections for isolated plants. The field of comparison 
selected is so local that I feel you will justify a ref>ly, also locaL 
I did not succeed in getting a copy of the paper until just before 
leaving New York Saturday and am not able, therefore, to make 
a statement in regard to each of the buildings to which it refers,, 
but a number may be identified, and havingheen connected closely 
with that branch of the New York Edison company, 1 am able 
to show, to some extent, the side that has not here been presented.. 
I learn in answer to a telegraphed inquiry,that of 118 large build¬ 
ings erected in New York City in 1898, in the plans of which 
the isolated plant for both lighting and power was a factor, all 
but 22 decided to use the Edison service; of 66 such buildings 
erected in the first half of 1899, 60 have decided to use the Ed¬ 
ison service. 

There were several buildings in connection with which we 
submitted figures of cost, where in view of the low average use 
and the coincident local and system maxima, we felt that even 
at best prices the very large investment which the company 
would be compelled to make would leave us at the end of the 
year a considerable loser, and, while we desire to have it under¬ 
stood that our company is prepared to supply electricity in any 
building for any of the established uses, we did not regret the 
conclusions of the engineers and owners. It must be apparent^ 
however, that in an instance where the company finds that its 
established rates subject it to loss, the conclusions of the engineer 
who encourages his principal to make very large and costly in¬ 
vestments in generating and other electric machinery must be 
subject to serious question. 

While attending the second electrical show in New York, an 
agent, in attempting to sell me an isolated plant, stated that the 
cost of operation was approximately half the cost of central station 
service supplied in New York. I said as central station service 
costs approximately one cent a 36-candle lamp hour, that of his 
plant would cost approximately one-half cent, to which he an¬ 
swered in the affirmative; I then asked him that if the central 
station service cost only one-half cent—an amount much in excess 
of the average price paid by the large bnildings in New York— 
could the plant be operated at one-fourth cent. To this he made 
no reply, feeling, evidently, that he was getting into deep water. 
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_ The same motive that, in many instances, leads a consulting en¬ 
gineer to recommend the private plant actuates the operating en¬ 
gineer in keeping it in operation. An instance oecured not long 
since in which the engineer of a large down-town building stated 
to the committee in charge,who were considering a proposition we 
had submitted to them, that he was making electr'city at “ one 
cent per K. w. hour or a little less,” upon which statement, and 
without further investigation, the committee decided that it could 
not afford to substitute the local Edison service at five cents per 
kilowatt hour. It should be said that our own estimates, most 
carefully and, we believe, most accurately, prepared, showed a 
very large percentage of saving, with much greater satisfaction, 
in abandoning the plant. 

Our experience with a large club taking central station supply, 
might be interesting: We were receiving approximately $8,000 
a year from an installation of 1,200 lamps. The house committee 
felt that this was more than the club should pay, and authorized 
one of the prominent engineers of New York to prepare the neees- 
sary plans and specifications, upon which bids were obtained. 
These bids for the electrical and mechanical plant amounted to 
$35,000, to which the architects thought $10,000 should, or might, 
be added for the necessary building alterations. The engineer 
had stated to the committee that when installed, this plant would 
save enough each year to repay its cost in two or three years, after 
which the club would get its light for nothing, and this statement 
was repeated in all seriousness by one of the members of the 
committee at another meeting which I attended. It took little 
consideration on the part of the committee to find that far from 
pving anything by installing a plant they would in all probability 
increase their annual charges by as much more as they were then 
paying the Edison company; the fixed charges alone, including 
interest, depreciation, taxation, insurance, and “up-keep” ex¬ 
penses, amounted to very nearly 20 per cent, of the investment, 
or approximately $7,000 and they had been paying us only at the 
rate of $8,000 for everything. 

One'can hardly disagree with Mr. Leonard that the author’s 10 
per cent, is not enough for the fixed charges of a plant. Our New 
York practice is to include the interest value of the money in¬ 
vested at about 6 per cent.—it is worth much more when taken 
out of one’s business—the depreciation at 8 per cent, allowing 
about twelve years’ efficient life of the plant, taxes at 2 per cent, 
the actual rate being about 3 per cent, and 1^ per cent, for insu¬ 
rance, this item on steam and electrical machinery, being subject 
to variation. It will be seen that a very small addition for “ up¬ 
keep” repairs, rent, accident insurance, or any of the other 
many items usually forgotten but still incidental to plant service, 
would bring the annual fixed cost to 20 per cent, of the first, or 
installation cost. 

The statement of the writer, that the expense of operating a 



332 


MOSES OM GOST OF ELEGTEIGITY. 


[June 26, 


private plant is the difference between the cost of the mechanical 
service of the building before and after its installation, should be 
qualified. And if the costs are given on the kilowatt basis, owing 
to the tendency to over-rate plant output, this statement or defin¬ 
ition could become very misleading. The tendency, even in our 
own stations, where our people have no possible incentive, is to 
read the indicating instruments on the high rather than on the 
low side, and the average plant engineer, desiring to support and 
increase the importance of his position in every possible way, is 
certainly as cautious in this direction. In addition, the tendency 
of all consumers where .not under the moral influence of the 
meter, is toward a very wasteful use of light or power. 

Hot long since, while the family were at dinner, we found 
three electric lights burning in the small parlor of an up-town 
apartment supplied by a private plant and the use of light in the 
halls and elsewhere seemed equally extravagant; and I recall an 
instance in which by placing a meter on an apartment where 
light was included in the rent, it was found that the cost of cur¬ 
rent used wastefully and for ornamental, in addition to the proper 
purposes, amounted to more than the landlord received from 
the tenant. It is safe to say that in either instance, and without 
reference to the source of supply, a meter would have cut down 
the use of current fully one-half, if not more—in fact in the 
second instance, when the tenant learned that the landlord had a 
meter on his circuity though even then not paying directly for 
light, the consumption became about normal, which was less than 
one-fifth the previous consumption. 

Another instance in onr experience, showing that the tendency 
is to overstate private plant output, arose in connection with a 
large building for the supply of which the owner had asked onr 
annual costs on the basis of the number of x.w. hours reported by 
his engineer. On finding that our first estimates greatly exceeded 
the cost of running the plant, we were led to make an investi¬ 
gation, which revealed the fact that the ampere meters were 
reading almost double the current generated, and that several 
items of expense properly charged to the generating plant had 
been charged to other parts of the building. The true figures of 
consumption showed that the central station supply offered a large 
saving, and the plant has since been idle. Many additional in¬ 
stances could be cited,showing conclusively that the k.w. consump¬ 
tion of a building is a very unsafe factor to determine the rela¬ 
tive cost of central station vs. private plant supply. 

For the large hotel of which Mr. Moses speaks, the Manhattan, 
of New York, the annual cost of electric light is placed at $ 13,000. 
These costs are estimated deductively by determining the differ¬ 
ence in the cost of fuel and other supplies during a period in 
which the hotel was supplied with current from the local dynamos 
and for one in which the local Edison service—for lighting only— 
was used. It should be remembered that the building has ten or 
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twelve electric elevators, which, owiogto the difference of voltage 
required, compelled operating the plant, notwithstanding our 
station supply of light during the entire period of the test. 

That the sum given does not fairly represent the real cost of 
electric light is readily shown by the fact that the hotel last year 
consumed 6,0()0 tons of coal, costing $20,0u0, of which only 1,400 
tons, costing is allowed for light. Two thirds of the coal 

consumption, or 4,000 tons, it must be evident, are to be charged 
to both lighting and elevators; the elevators alone, therefore, if 
the statements made are accurate, would have consumed 2,600 
tons, when certainly much the ‘‘smaller half” of the power gen¬ 
erated was required for that purpose. ‘The only fair test of this 
character would be to shut down the entire plant, supplying ele¬ 
vators and auxiliary motors, as well as lights, from the Edison 
service, crediting to that service in a comparative estimate the 
resultant saving that would be accomplished in labor, fuel, 
supplies, etc.; the space occupied could be utilized for other 
purposes and doubtless has a high rental value. The fact is that 
instead of costing $13,000 annually, the lighting of this building 
is probably costing more nearly $20,000, or, including the eleva¬ 
tors, more nearly $80,000, whereas our estimate of Edison service 
for all purposes has never exceeded $25,0<fU, and, under proper 
control, I doubt if the cost would reach that amount. 

The apartment house mentioned by Mr. Moses offers another 
instance in which instead of showing a saving through plant oper¬ 
ation we believe that there would be a very considerable advan¬ 
tage to the owners by adopting Edison service. I Lave no esti¬ 
mate of the present cost of running this building, but, taking 
another building, a hotel very much like it as to size, but where 
the conditions of service are much more onerous, the bills for the 
entire supply last year w^ere something under $3,000. The pro¬ 
prietors recently considered the installation of a plant, but on inves¬ 
tigation became satisfied that their existing service could not be 
replaced at a cost much below $6,000 annually, which agrees with 
the figures given by Mr. Moses, amounting to about $7,000 
for the apartment house in question. Allowing a little more 
fairly for labor and taking a more conservative view of the 
investment value, even this high relative cost for the apartment 
house becomes nearly $10,000, undoubtedly a m.ore accurate 
estimate. 

The electric elevator supplied by meter is the cheapest service 
a central station can give The average cost of 15,000 
H.p. supplied by our company last year was $18 per h.p. installed 
or approximately half the estimated cost of delivering coal at the 
doors of hfew York boilers. Only last week the proprietor of an 
apartment house found that his elevator service, continued through 
twenty-four hours daily, was costing approximately $3,800 per 
annum, whereas we have never supplied an elevator of that type 
at a cost exceeding $500, and the average is very much less. He 
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has abandoBed the use of his plant, and is now arranging to sub¬ 
stitute an electric for the liTdraulic elevator. When the change 
is perfected the lighting and elevator service together will hardly 
amount to the former costs of the elevator alone. 

On the basis of the estimate Mr. Moses has given, the electric 
light and power supply of the office building referred to on page 
316 costs 87,000 perannum. It will be observed,however,that only 
10 per cent of the installation cost, or $1,500 is allowed as cover¬ 
ing interest, depreciation, and I presume, insurance, taxes and 
rental, though these items are not mentioned, while 2o per cent., 
as has been shown, is more nearly on a not too conservative basis, 
the proper charge, increasing in this one item, the estimated cost 
by $1,500. Another indication that the estimate is insufficient is 
found in the item allowed for lamps; $200 represents 1,000 incan¬ 
descent lamps at 20 cents each, and as the reported consumption 
for the year was in excess of two million lamp hours, the average 
life of each lamp would be in excess of 2,000 hours. It is ques¬ 
tionable whether any plant, using efficient lamps, where the stan¬ 
dards of light are fairly maintained, secures a life of more than 
600 hours. Either the item understates the cost of lamps, or the 
reported consumption of current is largely overstated. 

Four hundred dollars has been allowed for sundry supplies 
and ash cartage,’’ an item which must include the water supply 
which last year cost more than $600, and the oil supply which 
amounted to more than 650 gallons; and according to the estimate 
presented to us, one man, receiving $18 weekly, runs this plant 
of four high-speed engines and dynamos, the necessary controlling 
and regulating apparatus and a storage battery. The estimate 
given, by fairly allowing for items mentioned, could easily be 
increased to $10,000, and it is extremely doubtful whether even 
this item represents the cost to which the proprietors of the build¬ 
ing are subjected ; on the other hand, I am certain that, supplied 
from our station at the usual rates, the cost f<-r both lighting and 
elevator service would not exceed $7,500 per annum. 

A storage battery is considered a medium of saving, and the 
cost of making the current, which I presume means its delivery 
at the switchboard or at the battery, as might be desired, is 
placed at 4.37 cents per k. w. hour. Our storage battery prices 
in New York start, at 0 cents per k. w. hour, and descend on a 
graduating scale to 3 cents, a price with which I have yet to 
know of any isolated plant competing, operating charges alone, 
but fairly, considered. But even at 3 cents we have found it 
very difficult to convince anyone of the economy of the storage 
battery for which the central station supply is certainly more 
regular and better assured than that of a plant. 

The writer’s reference to the New Y^ork Wool Exchange, and 
its comparison with a large loft building, (page 322) brings put 
clearly the point I have made as to the wasteful tendency of 
engineers and tenants where current is supplied without direct 
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charge. The loft building with a plant consumed last year 
100,000 K. w. hours, or 2,000,000 lamp hours; annually; the 
Exchange, having ^ the same cubic contents, supplied through 
meter by the Edison company consumed only 822,000 lamp 
hours. The Exchange building has a comparatively high load 
factor while a loft building, such as that of which the author 
speaks, has the lowest load factor of any class we supply. 
As no complaint of an insufficient supply has been received 
from those in charge of the Exchange, we assume that they 
have had all the electric light and power required. 

Allow me to draw your attention to the conclusion of the 
author regarding the Sohmer building of JSfew York City. 
From his paper it is evident that the cost of electricity for light¬ 
ing and power last year was $3,900, to supply which he now 
intends to install an isolated plant at a cost of $10,000, and 
expects to obtain current at about 4 cents a k. w. hour. The 
consumption for all purposes last year was 45,000 u. w. hours, 
which, at 4 cents, would cost $1,800. The fixed charges at 20^ 
of the installation cost amount to $2,000, in addition to which it 
will be necessary to provide fuel, labor, incandescent lamps, 
engine room supplies, etc., as well as an auxilliary source of sup¬ 
ply consisting of either gas or electric light service. Two men 
added to the labor force would at least add $1,500 to the fixed 
charges of $2,000, leaving a margin of $400 for coal and every¬ 
thing else required to replace the present service for the lighting 
and elevators. 

^ The author’s distinction between the practice of the specula¬ 
tive and the investment builder is to be taken, curiously, very 
much in the favor of the side he does not advocate. The 
speculative builder of New York erects the most substantial 
building that can be designed, usually with the expectation of fill¬ 
ing it with tenants and of selling it at any time within two or 
three, or more years, basing his price at that time upon the in¬ 
vestment value as determined by the net return wdiich he is able 
to show as a result of the year’s operation. It is an investment 
of the highest class, with every possible incentive on the side of 
the temporary owner to the highest economy—the far sighted 
economy. 1 do not remember at the moment of a single 
builder of that order who installed a plant last year; it was 
toward that class of builders that our first missionai'y efforts 
were directed, and their present practice is at extreme variance 
with ^ that of three or four years ago, when for every such 
building a private plant was contemplated and usually installed. 

Contrast this with a building erected by a permanent investor, 
in which a plant costing $35,000 was installed, to provide the 
electrical supply for about 6,000 incandescent lamps. The full 
service for both tenants and owner, who provided the public 
lighting, was supplied by the Edison company for something 
more than a year at an annual cost slightly under $6,000; lO per 
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cent, of the inve.stment cost, the amount which the writer of the 
paper thinks should be allowed for hxed charges, is $3,5( 0 
and 20 per cent, which we think shouW be allowed, is 
S7 000 or, in itself, more than all the charges of the Jtdison C'lm- 
pany. The plant has been recently started^ and I understand 
that the single item of labor requires the additmn of lour or six 
employes in the engine and boiler room. In its operation it is 
expected to make money and supply current to the tenants at less 
than the amount of their payments ot the last year to our 

°*^The central station requires machinery for about 30 percent of 
its connected installation and finds this provision ample, ihe 
isolated plant, if properly installed, must provide from 100 per 
cent, to 150 per cent.; at the first figure, you have three times the 
machinery, installed under much more expensive conditions, 
npon which to base the fixed charges._ Then consider the num¬ 
ber of employes. Our company requires a man and a halt to op¬ 
erate a 2,500 H. p. engine, while the 800 private plants ot New 
York aggregating probably only half our supplying capacity, 
will averse at least three men to each. I thmk the entire city 
south of 10th street is operated through the night with a force not 
exceeding a half-dozen men, a number not greatly in excess ot 
the force that would be required m one of the large buildings 
were night as well as day service supplied. , . , „ 

The author suggests that a discussion on the subject ot gas en¬ 
gine plants would be interesting. I recall two instances of a 
number that have arisen in our experience. I he first one is ot a 
restaurant of considerable size, in which a gas engine and dynamo 
combined, of the latest type, were surreptitiously installed—i 
say surreptitiously, because the proprietor feared to compiumcate 
with us, thinking we would oppose his plans, we, howevei, 
learned of the matter before actual operation, and, on goin^ over 
the contracts, found that the guarantees as to the consumption ot 
gas, on a minimum basis, placed their cost alone at $3,500 (gas at 
$1.15 per thousand feet), whereas our Edison bills had amounted 
to only $2,700 for the preceding twelve months. The plant has 
never’operated for more than a test run, and is one of a number 
which I think could be purchased at a very low figure. 

The second instance is of a large hotel, in which the dynamos 
were operated by gas engines. Question having arisen we in¬ 
stalled Thomson meters on the dynamo leads and found that in 
a month, in which the gas meter showed a consumption of |206, 
the electrical meter at our published rate?', recorded only 
Nothwithstanding recent reductions in the price of gas, I ^ink 
all of the gas engine plants in the district lines of the rsew York 
Edison company can be counted on the fingers of the hand. 

That the superiority and relative cheapness of the Edison ser¬ 
vice is becoming more and more highly appreciated by engineers^ 
architects and owners, is shown by the number of plants that are 
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abandoned, as well as by the relation existing between the 
plant and central station supply of the new large buildings^ 
as indicated by the telegram I read a few moments ago. .Several 
of the largest hotels in New York have plants idle in their cellars 
because of the saving in favor of Edison service, (and yet hotel 
service is the most difficult to compete with) and one of the largest 
down*town printing houses also abandoned its plant something 
more thp a year ago, finding that the Edison service, which has 
never failed them, costs no more than the direct operating charges 
of the plant service, which gave a great deal of trouble. I speak 
of operating charges only, in each of these instances, as in the 
abandonment of a plant for competitive service, fixed charges of 
all character must be ignored, the investment having been made 
and the plant once installed possessing very little intrinsic value. 

Me. Steinmetz : — There is one reference in the paper recurring 
a number of times, regarding the fluctuating load imposed by elec¬ 
tric elevators, and the hope is expressed that storage batteries 
may be used to equalize this load. 

There may be some doubts whether storage batteries are advan¬ 
tageous in such isolated plants or not. They undoubtedly have 
been a very great success in large low tension direct current sys¬ 
tems, but just as undoubtedly they have been an entire failure in 
street car propulsion and similar applications. 

It is true that the elevator load is a severely fluctuating load. I 
doubt, however, whether in installing electric elevators due care 
has always been taken to make this load as little fluctuating as 
possible. There must always remain the fluctuation between the 
power consumption when running, and the absence of power con¬ 
sumption when standing still. It follows thus that the problem 
of the electric elevator in its relation to the power supply system 
is to make the power consumption as uniform as feasible during 
the time the elevator is running. 

This means first that the starting current of the elevator should 
not be greater, but rather less than the running current. This can 
be accomplished by the use of a shunt motor of fairly low magnetic 
density with a powerful series coil which in starting remains in 
circuit until all the starting rheostat is cut out. 

Second, to use power as uniformly as possible when running 
makes it obviously objectionable to use gravity for the descent, 
since thereby the power consumption during ascent is doubled. 
On the contrary, the car should be overbalanced for the average 
load of the elevator so that at the average load the motor supplies 
only the work of friction, more work when ascending with heavy 
or descending with light load, and less work in the opposite case. 
While this consideration really appears self-evident, yet I doubt 
whether it is always taken into consideration when installing 
electric elevators. 

Me. Moses: —Replying to Mr. Leonard, I wish to emphasize 
the point made in the paper, that the cost of electricity in a build 
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ing plant is in no ways comparable to the cost in electric lighting 
plants out west. In an electric lighting plant, labor, coal, rent, 
taxes and insurance, are directly and solely chargeable to the elec¬ 
tricity. In a building plant on the other hand, only the labor 
additional to that required for supplying other functions of build¬ 
ings and only such coal as is additional to that required for the 
heating and for other apparatus (which can be equally well sup¬ 
plied by exhaust steam) are properly chargeable to the electricity. 
Bent, taxes, insurance, depreciation and interest charges are also 
quite different in building and in isolated plants. This brings 
me to the question of interest and depreciation charges. My 
figure of 10 per cent, has been strongly objected to. I still 
adhere to it for the following reasons: while 1 would not 
advise any client to invest his mo]iey in an electric plant 
unless more than 10 per cent, clear was assured, yet I consider 
five per cent, or even four per cent, as ample to allow for 
interest charge, as this is in excess of the actual amount an 
investororowner of a building would pay for the money required 
to replace the capital invested in plant. As regards depreciation 
charge, 1 allow an average of 5 per cent, per annum (which with 
interest at five per cent, will equal original capital in fifteen years), 
for depreciation on the whole installation, which includes boilers, 
piping, pumps, engines, dynamos, foundations, alterations to exist¬ 
ing building, boiler setting and alteration to wiring. This allow¬ 
ance is excepted to, on the ground that no plants last fifteen years. 
I can cite dozens of existing plants where boilers have been in 
daily operation for over twenty years, and are still allowed to 
carry from sixty to eighty pounds pressure, and many engine 
plants have been running for the same length of time. Direct 
current electrical machinery has only recently been standardized, 
and as electrical building plants are dependent on the existence of 
large buildings they are, of course, of comparatively recent growth. 

Judging from the construction of the engine and of the dynamo, 
the latter should last at least thirty years with but little repairs. 
I am safe therefore, I think, in considering fifteen years as the 
average life of a plant. It has been objected, also that the'con¬ 
tinual changing of design should involve a larger depreciation 
charge. This I do not think will bear investigation. 

The investor can continue to produce current from the plant 
he installed at the rates stated in the paper. If large improve¬ 
ments are made in machinery, he may find it worth while to 
completely change his plant. In this case, however, the cost of 
producing current will evidently be very much lower, so that, 
though his depreciation charge may have increased, his cost of 
operation will have decreased in greater proportion, as in any 
other event the change would not have been made. The rental 
value of the space occupied by the plant has been dwelt upon. 
Crenerally this value is not calculable, as the greater part of the 
space used is required for elevator, pumps and other machinery, 
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boilers and motors, and the space actually used by the electric 
plant is of no consequence. In some cases the added space is 
"valaable, and must be taken into account. In general this is not 
so. Mr. Leonard states that the question depends on the com¬ 
parative value of the heat obtained from exhaust steam vs. the 
increased eflSciency of the large engines in the central stations. 
This is not the case. The value of the heat from the exhaust 
steam, while important,^ is^not the deciding influence. A few of 
the reasons why the building plant can manufacture and deliver 
electricity cheaper than the central station, in addition to the ben¬ 
efits of use of exhaust steam for the heating, are that in the build- 
ing plant little or no additional labor is necessitated by the ad¬ 
dition of an electric plant, and such labor is always cheap. In 
the central station; labor for firing, for running engines, keeping 
books, collecting bills, inspecting outside and internal constructions 
testing meters, and selling current are direct charges on electricity. 
In the building plant there are no legal expenses, no treasurers 
or ofiicials with large salaries, no increased insurance or taxes, no 
rent of subways (and generally no rent at all); besides which, in¬ 
terest and depreciation are reckoned on actual cost and only on 
the additional apparatus required for supplying electricity, and 
there are no patented distributing rights for which large sums are 
payable annually. In the central station all these items, which 
constitute more than two*thirds total cost are direct charges on 
the electrical current. 

Mr. Williams intimates that because the Edison company in¬ 
stalls generating apparatus and mains for but 80 per cent, o^ the 
total connected installation, that therefore, their investment is less, 
per unit of current delivered than in the isolated plant, where a 
•capacity of from 100 to 150 per cent, total connected installation 
is installed. This is not the case. It is true that the capacity of 
the Edison stations is only 30 per cent, of the total connected in¬ 
stallation, but the averge load is only one-seventh of this capacity. 
In this building plant, on the other hand, the average load is from 
one-half to one-quarter the total capacity installed. That is, the 
cost of the plant in the Edison stations for a given load is from 
two to three times the cost of the building plant. The fixed 
•charges are at least twice those of the building plant. Replying 
to the criticisms on the use of the storage battery; the battery 
merely takes the fluctuating load, the integral of which is com¬ 
paratively small. The allowance for loss in passage through the 
■storage battery is about one-fifth of this and is not to be compared 
with the benefits derived from the steady load on the engine. 
G-enerally, however, its chief claim is based on the fact that it 
takes care of the night service. 

^ With the storage battery in use on the Edison system the con¬ 
ditions are quite different, as in this case all the power and light 
-are passed through the battery, and with the same percentage of 
loss the benefits from reduced rates are swallowed up in low 
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efficiency. Besides, tlie cost of a battery to take the whole load is 
very many times that of one to take the fluctuation of the load 

Mr. Williams states in his discussion of the figures from a large 
hotel ‘^that it must be evident that two thirds of the coal used in 
this hotel is chargeable to the electricity ’’ and has evidently mis¬ 
understood my meaning in the paper. The “ 1400 tons of coal 
costing $4,500’’ are all that are actually chargeable to hght and 
power not to light alone. To anyone familiar with hotel work it 
must be patent that heating the building, cooking and running 
laundry and ice machinery use more than half the steam required 
in the building, and it is this amount of steam, or coal that 1 have 
called ‘^the constant requirement” and which I have approxi¬ 
mated by taking periods with nearly constant conditions of 
weather and service in which equal amounts of electricity 
were supplied. By subtracting the coal used in the first period 
from that in the second period a difference was obtained, which,, 
as the electricity supplied in each case was the same, was 
roughly that required for the other uses enumerated above. 
This difference divided by the difference in the number of 
days in the two periods would give the ‘^constant requirement” 
per day. His suggestion to throw the entire plant of lights and 
elevators on Edison circuit for a test was impracticable as the 
elevators are wound tor 120 volts. Mr. Williams also criticises 
my figures on the office building and brings up a figure of $600 
for water supply which he assigns to the plant., Most of this 
is used by the tenants through the building for other purposes,, 
but I charge water to the plant at the rate of 25 cts. per ton of 
coal burned, which is the equivalent of 8 lbs of water evaporated 
per pound of coal, making due allowance for the-fact that in 
winter the water evaporated is returned nearly wholly to the 
boiler and reused. The ‘Mamp” and ‘^oil” terms are taken 
from the records and it is'not therefore necessary to discuss them. 

In the hotel spoken of by Mr. Williams where the plant has 
been shut down for one year and three months, the owner has 
stated to me that he reckons the increased cost of the Edison 
service at about $100 a month. This is about the actual money 
increase over what it cost them when they ran their own plants 
but as about $2500 was paid for current from an outside source 
at retail rates, the cost of operation of the plant (present cost 
$6660 a year) was about $3000. The plant installed was too 
small for the work and the breakdown connection was a necessity. 
The owner does not care to invest the necessary money now for 
putting in a proper sized plant, as the old hotel business is, to a 
certain extent, uncertain. In the Q-rand Union Hotel, where I 
installed a plant, and where no breakdown service is used, the 
cost of operation this year, excluding all saving due to decreased 
cost of gas, is over $5500 less than it was last year. One-half of 
this saving was due to the use of small coal, but the remainder is- 
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the difference between the cost of electricity $4558 from the 
<3entral station and the cost of electricity from the private plant. 
In reality, the saving effected was greater, as the hotel has in¬ 
creased its use of steam. The total cost of installation was $8000 
and cost per k.w. hour, everything included 2.19 cents. 

Mr. Williams refers to the moral influence of the meter and 
objects to my basing costs on the k.w. hour supplied. Where 
light and power are furnished free to the tenants the meter will 
have no moral effect. Where they pay for it themselves it has a 
decided effect. In one building of the same size as the Wool 
Exchange, cited in the paper, and with similiar conditions, cur¬ 
rent is sold to the tenants by meter at Edison rates and the profits 
pay the expenses of operating the whole building. In this build¬ 
ing the cost per killowatt hour is five cents. 

Mr. Williams criticises my statement that in the Sohmer Build¬ 
ing current at four cents per killowatt hour can be produced. I 
have taken up the question of interest and depreciation charges 
already, and therefore deduct $1000 from his estimated annual 
cost, and the remaining $1,500 which he charges to labor and 
extra coal, may properly be divided in half, as the labor charge, 
is not increased in any way. The coal will be increased by about 
$500 per year and $250 is sufficient to allow for oil, waste and 
supplies. That gives a cost of $1,750 to which should be added 
cost of repairs, of lamps, ash cartage, boiler insurance, extra water 
and contingencies, not more that $500 or a total annual cost of 
$2,250. 

The kilowatt hours supplied, as stated, are 5,000 for light and 
30,000 for power, exclusive of the light used and paid for directly 
by the tenants of the first seven floors. I am perfectly safe 
therefore, in assutning that the total kilowatt hours supplied will 
•exceed 60,000 which at four cents gives $2,400—that is $150 more 
than the total arrived at above, making all allowances for contin¬ 
gencies. Mr. Williams cites figures of comparative number of 
new buildings erected with and without plants and I, of course, 
presume them to be correct. Such general figures are extremely 
misleading as is shown in this instance, for it must be a matter of 
common knowledge that no large oflSce building, properly so-called 
is erected without its own plant, unless the controlling oflScer of 
the erecting company happens to be also strongly interested in 
the lighting company. The speculative buildings were frequently 
erected without plants, but where the building is 50'x200' 
or larger and 10 or more stories high this practice is antiquated 
and the owners of the buildings already up are rapidly installing 
plants. ISTo large hotel is erected without a plant and the only 
large buildings that do continue to use street current are apart¬ 
ment houses, were light is paid for by the tenants directly and 
old houses where the owners do not feel warranted in spending 
more than is absolutely necessary. 

If the present methods in building plants and in central stations 
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were those of live or three years ago, the answer as to tlie com¬ 
parative value of the two services would be more difficult. 

A few years ago all the trained engineers were employed by 
the central station or trolle^^ companies, and every advantage of 
technical skill and large capital was on their side, while the build¬ 
ing owner dependent on his stationary engineer fell rapidly 
behind in the march of improvement. Nowadays the owner of 
the large office, hotel or loft building has a first class progressive 
engineer in charge or employs a consulting engineer to keep a 
general control over the staff and operation. In some instances 
the complete plant is run for a fixed sum per year by a contractor 
who is able to make money himself and save the owner money 
as well, by purchasing large quantities of material at a time. 
This method while it renders man y of the central station economies 
of both material and labor available to the isolated plant is only 
to be recommended when the contract is for such a length of time 
that the contractor will see that proper repairs and additions are 
made, whether he is momentarily financially the sufferer or not. 
It is these facts, that repairs are seldom made by the contractor 
until the plant breaks down, and that no improvements are pos¬ 
sible on account of the short term of the contracts that have 
brought the system of contracting into serious disrepute. The 
same results can be obtained by placing the operation of a num¬ 
ber of plants the purchase of their supplies and the employment 
of labor in the hands of a technical engineer, who should be paid 
a fixed sum per month by each owner. This will give the owner 
the benefit of tlie best engineering, improvements and all econo¬ 
mies possible to large buyers, while at the same time the plant will 
not suffer through neglect of proper repairs. 

Mu. Steinmetz: —In this paper, the.depreciation is estimated 
on the basis of a 15 years life of the station. I like to ask the 
question whether any one of the gentlemen present knows of any 
station where apparatus and machinery installed 15 years ago are 
still in satisfactory operation. I need not ask the question 
whether yon know of stations where apparatus installed less than 
five years ago has been thrown out as antiquated and unprofit¬ 
able, since such stations are numerous. 

Me. Williams :—That question is answered by Mr. Moses him¬ 
self where he refers on page 306 to the plant of the Manhattan 
Hotel as being even now ‘'slightly old-fashioned.’' This plant 
was installed in either 1896 or 1897 under the supervision of one 
of the most competent engineers in New York. And would you 
allow me to say, correctively, of the Broadway hotel mentioned, 
that the books were carefully gone over, and there can be no 
question as to the figures which have been given. 

Of the large office building, the point made was that the entire 
expense of lighting and power service supplied from the Edison 
station did not substantially exceed $5,000, while the fixed charges 
on the investment alone were fully $7,000, again omitting the 
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question of rent, whicli in that neighborhood is Terj- considerable. 
In our discussion one side of the question has been entirely over¬ 
looked, the extent to which provision for a large mechanical plant 
increases the cost of constructing the building. In the Manhat- 
tan Hotel, I have not the slightest doubt, the necessity for pro¬ 
viding for the engine and boiler-room in connection with the 
foundations and building structure, increased the cost fully 
$50,000, incidental to which there are hxed charges which must 
be considered in one way or another, an expense of the hotel. 

The storage battery losses, as Mr. Moses says, are confined to 
but a percentage of the total output, but on the other hand this 
percentage must bear all fixed charges of the battery. 

Me. 0. W. Kice:— i am familiar with a plant that originally 
cost $50,000 four years ago. It is stationed underground, out 
under the sidewalk and they pay $250 a month rent. This plant 
costs about $17,500 a year to operate and I was authorized recently 
to offer to sell the plant. The prospective customer would not 
give $20,000 for the plant and operate it himself. Be prefers to 
pay $17,500 a year and ht others operate it. 


[CoMMUJSriOATED AFTEE ADJOnEX-VIENT BY Me. ChAS. BlIZAED.} 

I desire to reply to Mr. Leonard’s statements concerning stor¬ 
age batteries in isolated plants. I was not present at the Boston 
meeting and base my reply upon Mr. Leonard’s remarks as re¬ 
ported. 

Mr. Leonard expresses the opinion that the operation of a bat¬ 
tery in an isolated plant does, or should, cause an increase in the 
cost of engine room labor. With the exception of the Edison 
companies pd street railway companies operating batteries on a 
very extensive scale, and having two or more installations, I do not 
know of an instance in which the installation 'of a battery has added 
one dollar to the labor item. On the contrary, batteries in many 
cases have effected a very material reduction in the engine room 
force. 

The modern storage battery in an isolated plant does not re¬ 
quire the attention of a so-called expert, it needs only such intel¬ 
ligent care as can be given it readily by a competent engineer or 
his assistants. Seventy-five per cent of the plants in New York 
City are being operated with entire success by engineers who are 
now in charge of their first batteries. None of the more impor¬ 
tant electrical or steam apparatus in large isolated plants receives 
or requires so little of the engineer’s time as the battery. It is 
safe to state that the time devoted to successfully operated bat¬ 
teries in isolated plants does not exceed an average of an hour per 
day per battery. 

Instructions covering the proper care of a battery are simple 
and can be followed by any man who is competent to give intel¬ 
ligent care to a dynamo and engine. 
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Concerning the justice of charging against a battery a rental 
for the space it occupies, it has not been my experience that a 
battery is installed in a part of the building which could be rented. 
Many batteries have been installed recently in buildings which 
have been in service for a number of years, and the fact that 
spaces for the plants were found without the necessity of dispos¬ 
sessing tenants would seem to indicate that the portions of the 
buildings given over to the batteries were not available for rental 
purposes. 

The depreciation of a properly constructed storage battery is a 
very small item. As renewals of the plates become necessary 
they may be made with plates of the most modern form and con¬ 
struction. The battery is thus kept in step with the latest im¬ 
provements and never becomes out of date apparatus. 

Xew York, August 7, 1899. 
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THE DETEEMINATION OF THE WAVE FOEM OF 
ALTEEHATING CHEEENTS WITHOUT A 
CONTACT MAKEE. 


BY HARRIS J. RYAN. 


A method is given in this paper for determining the wave 
forms of alternating currents which uses no highly specialized 
measuring apparatus. No contact maker is nsed, and it is gener¬ 
ally appliable on polyphase circuits only. It is recommended as 
■a method which may be used under many circumstances where 
the special contact maker apparatus is not available. 

Description of the Method ,—In the diagram of Fio. t is a 
special transformer with a closed magnetic circuit of soft, pure 
iron or “electrical steeP’ with the portion enveloped by the 
primary and secondary coils much restricted in area as com¬ 
pared with the remaining portion of the circuit. The circuit 
through each sheet is unbroken by joints, making it necessary 
to wind the secondary and primary by hand after the core form¬ 
ing the magnetic circuit has been built up. The primary coil is 
so proportioned that sufficient alternating current may be cir¬ 
culated in it to provide a maximum m. m. f. of about 500 c. 
■a. s. per centimetre along the core at its restricted portion. 
Such exciting current may be taken from the secondary of an 
induction motor appropriated for the purpose, or from a set 
■of phase changing transformers. Under these circumstances the 
flux through the core of this transformer will cause saturation dur¬ 
ing 97 per cent, of the time. The greater portion of the reversal 
•of the flux will occur during 1.5 per cent, of the time of one 
Alteration. . The greater portion, therefore, of the secondary b. 
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M. F. time integral will occur during 1.5 per cent, of the time of 
one alternation and at the instant when the exciting current 
passes through zero. The remaining portion of the secondary 
time integral of the e. m. f. will be applied with symmetry 
throughout i?S.5 per cent, of the alteration, being maximum on 
either side of zero for the exciting current, and gradually dimin¬ 
ishing to zero during the time in which the exciting current is 
attaining its maximum value. It is seen then that the main por¬ 
tion of the secondary e. m. f. will be delivered with great sudden¬ 
ness at the time when the exciting current passes through zero. 

In dealing with 40 cycles per second this e. m. f. will be de¬ 
livered during 1.5 per cent, of the time of one alternation or in 
about 1/5000 of a second. It is seen also that the residue of the 



secondary e.m.f. constitutes an alternating pressure that is one-quar¬ 
ter cycle behind the primary exciting current. The cross-section of 
the restricted area of the magnetic circuit with reference to the 
amouTit of pressure applied in the primary circuit for excitation 
is proportioned so that the amount of irregularly delivered flux 
can not appreciably alter the exciting current, as it would other¬ 
wise be established from instant to instant. 

^ The secondary of the transformer t is connected to the pressure 
circuit of a dynamometer—a Weston wattmeter does very well 
—through the field coil of which passes the current whose form 
is to be determined and which is set up by the source pressure 
through some appliance x. Let us call the sudden time integral 
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value of the secondary e. m. f. the instantaneous value of the 
current c, the effective value of the residue of the secondary e. m. 

F. ^ and the effective value of the current then the reading of 
the wattmeter will be : 

W = e e E C cos 6^ where 6 is the angle of phase differ¬ 
ence between ^and 67, from which we may deduce the value of 

G. The phase of the exciting pressure delivered by m. s. may be 
changed by moving the motor secondary, or by a proper change 
in the value of the combined polyphase e. m. f.’s applied in the 
phase changing transformers, as the case may be, and a new in¬ 
stantaneous value of the current corresponding to the above 



change in phase will be obtained. In the same manner other 
values of the current may be obtained until the form of the cur¬ 
rent curve is sufficiently well defined. To apply the correction 
E C cos d involves so much attention and labor, as to make this- 
method valueless if it were not for the fact that it can be quite 
completely compensated for in the following manner: The ex¬ 
citing current through the primary of the transformer t is passed 
through the primary of a suitably designed open circuit trans¬ 
former 0 0 T, and through the secondary of o c t the connec¬ 
tion of the impulse secondary from x is made on its way to 
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tlie wattmeter. The e. m. f. developed in the secondary of 
OCT will be one quarter cycle behind the primary- exciting 
current of the impulse transformer t and therefore in unison 
with the residue e. m. f. of the impulse secondary of t. The 
secondary turns on o c t are adjusted in number so that the e. 
M. F. generated will equal the residue e. m. f. of the secondary of 
the impulse transformer t, so that when the connection through 
the secondary coil of o o t is reversed the residue e. m. f. of the 
T secondary will have been compensated for. 

The reading of the wattmeter will then become W e and 



since e is constant, the values of W will be proportional to c or 
the instantaneous values of the current. 

Bj using a dynamometer voltmeter, such as the Weston type, 
in which separate terminals for the movable pressure coil and 
field circuits have been arranged, the forms of alternating pres¬ 
sures and of tiny alternating currents may also be determined. 

Thus this method is practicable only for instances where the 
plus and minus alternations ai-e alike, which is the case in much 
alternate current practice. Where, however, the positive and 
negative forms differ, one or more aluminium cells should be 
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placed in series with the impulse secondary. Such cells have 
small internal resistance and after having been charged with a 
direct current will completely cut off one side of the alternating 
impulse, provided the instantaneous pressure in the circuit at no 
time exceeds 20 volts per cell. Thus equipped the method may 
he used with Weston or similar make of instruments for form 
measurements in great variety and with ease and facility. This 
method is practically the same as Dr. Duncan’s^ except for the 
manner in which cyclic impulses are obtained. 

A Trial of the Method. 

At my suggestion a trial of this method was made by Mr. Ly¬ 
man H. Brown during the spring of 1898 in the laboratories at 
Cornell.* 

Design and Construction of the Impulse Transformer. —Figs. 
2 and 3 give a plan and elevation of the transformer as con¬ 
structed and used by Mr. Brown. The following are the import¬ 
ant dimensions and specifications: The core was built up with¬ 
out joints from 10 mil Apollo “electrical sheets,” from which 
the burr due to shaping was carefully removed. The oxide on 
the sheets afforded the only insulation against eddies. The 
frame for bolting the core together was of brass, and did not ex¬ 
tend over the restricted section of the core. The bolts were 
thoroughly insulated from the core and brass frame. The sup¬ 
ports and base were made of oak. 


No. of turns in primary.547 

Size of primary.. .14 b. & s. g. 

No. of secondary turns adjustable. 

No. of sheets...48 

Thickness of a sheet.01 in. 

Area of contracted cross-section of core,.25 sq. in. 

Area of un-contracted cross-section of core,.1.5 sq. in. 

Length of contracted section,.2.5 in. 

Total length of magnetic circuit,.10 in. 

Normal primary exciting current, .3 amperes. 


On the assumption that a suflScient phase changing pressure is 
applied in the circuit, through the primary of this impulse 
transformer, so that the irregularities in the flux set up in the 
core will not appreciably alter the form of the exciting current, 
and with the aid of a b-h curve for the Apollo iron, I have 

1. Transactions, vol. ix, p. 179. 

2. Thesis, Lyman H. Brown, Cornell University Library, T-1898, No. 30. 
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calculated the following sequence of e. m. f’s. that will be set up 
per turn throughout one quarter cycle in the secondary of this 
impulse transformer, when working at 40 cycles per second. 
The fractions in the time column give the portion of a quarter 
cycle that has lapsed since the exciting current passed through 
2 :ero; the figures under b show the flux density in lines per sq. 
cm. in the contracted section of the core, and the values under e 
in the brackets, showing the time interval over which they were 
estimated, give the average of the e. m. f’s. developed per volt 
in the impulse secondary. 
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Exj^eviTiicTitojl tvKil vxddc hy Etoxoix /—A. couipcnsatiD^ 

open coil transformer was used that had the following di¬ 
mensions :— 

Core of laminated iron, ring pattern 

Mean diameter of ring. 8 75'^ 

Cross-section, . 17 ^' woi" 

.. .. X 

Air gap. 

No. of primary turns of No. 10 b. & s. g.. *.lk 

No. of secondary turns adjustable,. 

A 150-watt scale 'VYeston wattmeter, wound for 150 volts and 
two amperes, was used as a dynamometer \ the resistance of the 
pressuie coil was cut down to a point where the instrument 
operated over a desirable range. Ten secondary turns were 
placed on the impulse transfoi’mer, t, and the same number was 
found necessary for compensation on the o c t transformer. 

At X in Tig. 1, the secondary of the 10-light transformer 



reported upon in the Teansa.ctions, vol. vii, p. 1., was con¬ 
nected through the field coil of the wattmeter, to one pressure of 
the triphase source. The primary was kept on open circuit. 
By means of an auto-converter, the source pressure was so 
adjusted that a normal flux was established in the core of the 10- 
light transformer, x. Tor a phase changer, a Siemens and 
Halske 3 h. e., 33-cycle, triphase, 4-pole, 110-volt induction 
motor with a ratio of transformation of approximately one, was 
used. By means of an index wheel and brake attached to the 
motor pulley, the motor secondary could be set to develop any 
desired phase for the exciting current of the impulse transformer. 
The phase changing pressure was set at 100 volts, and the 
■current controlled partly by reactance, and adjusted to the 
■desired value of approximately three amperes, by means of a 
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non-induction resistance. A complete reactance control and a. 
higher phase changing source pressure would, however, have- 
been better. 

In Fig. 5, the unbroken curve is an alternation of the naag- 
netizing current for the transformer at as obtained by Mr. 
Brown in the employment of this method, while the curve is the 
mean of the two alternations for the one given in Teaksaotions, 
voL vii, p. 12, as obtained by the contact-maker therein em¬ 
ployed.’ The three-phase generator which supplied current for 
the experiments, had its armature conductors distributed on a 
smooth core, and developed at no load a fair approximation to a 
sine curve of pressure. The full load current output of this 
generator was 20 amperes, while the induction motor used for 
phase changing, required 10 amperes for field excitation. The- 
armature reaction produced by this exciting current, was com¬ 
paratively large, causing the generated pressure curve to differ 
some from the pressure curve used at the time the original 
contact-maker measureinents were made. 

There is, therefore, a fair practical agreement between the 
curve taken with the polyphase impulse transformer method, and 
the curve taken with the contact maker. It was found by Mr- 
Brown that 10 impulse-residue e. m. f. conpensating turns were 
necessary, while my estimates showed that but five should have 
been necessary. This difference is probably due to the fact that 
the sheets were not annealed after they had been tooled into- 
shape, and that complete reactance control of the exciting current 
for the impulse transformer was not used. 

Ko experiments have been made in which the aluminium cell 
was used to cut out either the plus or minus impulses so that the 
forms of unsymmetrical curves could be determined. Experi¬ 
mental data have been obtained by H. J. HotchkissS from which 
it is seen that the aluminium cell will be found to be reliable for- 
this purpose. 

Department of Electrical Engineering, 

Sibley College. Cornell University. 

June, 1899. 


1. Physical Remew, March, 1899. 
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Addendum 


[CoilMUNICA'IED AFTER ADJOURNMENT BY HaRRIS J. EyAN AND 
E. F. iScATTERDOOD.] 

Siuco tliG date at which this paper was read we have rnade 
with the aid of a carefully adjusted contact-maker a study of the 
impulse transformer, the method employed for compensating; the 
impulse residue e. m. f. and the use of the aluminium cell to cut 
out alternate impulses. 

We have found that the transformer employed in the trial made 
by Mr. Brown is not proportioned so as to give the best results. 
The saturated portion of the core is too long, the iron sheets are 
too thick and it is desirable to shorten the length of the induction 
path through the unsaturated portion of the core as much as pos¬ 
sible. To avoid eddy currents as much as practicable, better in¬ 
sulation between the iron plates should be used than that provided 
in the transformer made by Mr. Brown under the direction of the 
author of this paper. 

We have found that induction reactance, {L co\ with the mini¬ 
mum resistance possessed necessarily by the circuit, should be 
used to control the current in the primary of the impulse trans¬ 
former. Excellent results as will be seen below when the trans¬ 
former is well constructed, are obtained by impressing upon the 
primary circuit an effective pressure that is double the maximum 
impulse volts which are to be delivered in the secondary where 
the ratio of transformation is one to one. A higher pressure 
would slightly elevate the impulse e. m. f, and improve it in form 
without changing its time integral. A lower pressure should not 
be used. In all eases the primary exciting current should be large 
enough to give the restricted portion of the core a maximum 
M. M. F. of 500 to 600 ampere-turns per .393 inches of length. 

Below are given the specifications for an impulse transformer 
that we constructed to use in connection with our Weston or 
Thomson wattmeters. For small currents up to .05 ampere we 
have used the ordinary Weston alternating voltmeter, havino* 
separated its field and moving coil circuits and having drawn a 
watt scale underneath the voltmeter scale. Such a watt scale is 
quickly calculated from the voltmeter scale and the resistance of 
the instrument. 

Number of sheets iu core . 100 

Thickness of each sheet. noa in 
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Length of saturated portion of core.395 m. 

Average length of unsaturated portion of core. 

Eatio of width of saturated to unsaturated portion of core... 8.9 

Number of primary turns. 

Size of primary conductor, B. & S. G-.,. 

Number of secondary turns. 

Size of secondary conductor, B. & S. G,,. 

Additional Specifications :— 

Each core sheet was cut from photographer's ferrotype plate. This 
material was selected for the core because we could not wait for the 
arrival of thin Apollo “ electrical steel» or material of equal grade. 
The ferrotype sheets, as is well known, are enameled making it unneces¬ 
sary to provide further insulation to break up eddies. Each core sheet 


•was cut to the following dimensions : 

Size of sheet.. x 5. in. ^ 

Thickness of iron.in. 

Thickness of sheet including enamel.015 in. 

Two openings to provide space for the primary and secondary 
“ coils were cut at the center of each sheet allowing a tongue, 


the saturated portion, to stand. 

Length of tongue...393 in. 

Width.4 in. 

Size of each of these openings, length.393 in. 

width.0 ill. 


The transformer was immersed in oil so that the primary coil would 


not become too warm. 

The induction path in each sheet was continuous. Joints were not 
used to facilitate winding ; they would interfere with the desirable 
properties of the induction circuit. The primary and secondary coils 
were wound into position by poking each turn through the openings 
provided in the core. 


In the above design we wished to make the average length of 
the nnsaturated portion of the core quite as short as is practicable 
in an actual construction. From the performance of this and other 
impulse transformers that we have constructed and tested, we have 
found that the openings through the plates to accommodate the 
primary and secondary coils may be made broad enough to per¬ 
mit of the use of sufficient copper required to avoid undue heat¬ 
ing when the transformer is operated in the open air. 

The most available length of saturated core for use with Weston 
and Thomson instruments of the dynamometer type appears to be 
about .4 inch. 

At 33.5 cycles this transformer gave an open circuit secondary 
impulse e. m. f. as follows: 

Maximum value of impulse e. m. f., volts . 24. 

Width of impulse at top in per cent, of one half cycle ... 1.67 ^ 

Width, one volt from base of impulse e. m. p. 6,55 % 

Width, average of impulse e. m. f . 3.66 
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At 100 cycles the impulse e.m.f. had the following dimensions : 

Masimura value, volts. 50 ^ 

Width, average, in per cent, of one half cycle. 4.4 r; 

The forms of a number of impulse e.m.f. s were taken with the 
impulse secondary on open circuit and then closed through 50 
non-inductive ohms and at other times through the moving coil 
of a Weston alternating voltmeter which had a resistance of 45 
ohms, to determine the effect upon the form of the impulse e.m.f. 
caused by the drauglit of about that much impulse current which 
is drawn in making instantaneous measurements. The effect of 
the draught of this current was noticed in all eases. It lowered 
the impulse E.M. f. maximum by approximately one tenth, and in¬ 
creased the average width about the same amount. 

Under all circumstances this transformer is used with a primary 
exciting current of 20 effective amperes. In series with the pri¬ 
mary is inserted a self-induction of .0095 henry. Forty effective 
volts are, therefore, required for primary excitation at 33.5 cycles 
and 120 volts at 100 cycles. 

The following method for determining the number of compen¬ 
sating turns to be used as described in the paper in connection 
with 0 . c. T. in Fig. 1 was found to be entirely reliable. These 
opposing secondary turns at o. c. t. are adjusted in number by 
trial so that the wattmeter in Fig. 1 reads one-third less with com¬ 
pensating turns than it does without them. 

We have made a sufficient examination of the properties of the 
aluminium cell to determine the conditions that regulate its use 
for the purpose suggested in this paper. Carbon-aluminium cells 
were used with a solution of a trace of sulphuric acid in water 
almost satui'ated with alum. Where small aluminium electrodes 
were used, we found that the cells would form themselves, operate 
continuously and cut out alternate impulses. At 33.5 cycles with 
impulse e.m.f s generated as specified above, and aluminium elec¬ 
trodes varying from .0767 to 2.41 sq. in. in series with 50 ohms, 
the cells rectified continuously. These phenomena of rectification 
were examined critically with the aid of the contact maker. In 
all respects the actions witnessed were precisely the same in char¬ 
acter as those recorded by H. J. Hotchkiss^ with his remarkable 
oscillograph in the process of rectifying an alternating current of 
ordinary form at the low periodicity of 17 cycles. The small 

1 . Physical Review, March 1899, reprinted in the Electrical World and 
Engineery July 22 , 1899. 
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capacity current there witnessed becomes increased with the 
periodicity. The impulse e. m. e.s have the character of a very 
high frequency alternating pressure in relation to capacity. 
The above Impulse e. m. f.s produced at 33.5 cycles have 
characteristics for capacity phenomena that correspond to a peri¬ 
odicity of SUO cycles. It follows then that had Mr. Hotchkiss 
made his oscillograph records, supposing that to be possible, at 
SOO cycles instead of at IT the capacity current seen in his records 
as superimposed upon the rectified current phenomena would 
have been increased 47 times. This will make clear then why 
we found the large capacity effects as given below. 

In all cases where the small aluminium electrodes as specified 
above were used, the rectifying phenomenon was complete and 
definite. In every case the superimposed capacity current re¬ 
ferred to above was witnessed. The smaller the aluminium elec¬ 
trode the smaller was the capacity current and the greater was the 
resistance of the cell, however close the electrode was placed to 
the carbon rod electrode. 

The following dimensions of the impulse e. m. f. and capacity 
phenomena pressures were observed around the terminals of a 
50’(»hm non-inductive resistance in series with the impulse secon¬ 
dary and one aluminium cell as specified. The impulse transfor¬ 
mer was operated at 33.5 cycles and excited with 20 amperes at 
40 volts delivering the impulse e. m. f. in the secondary as des¬ 
cribed above. 




Aluminium Cells. I 


DIMENSION OF 






A 

B 

c 

Surface of electrode in square inches 



.0767 

Surface of carbon electrode in square inches . 

2.41 

.512 

3-75 

Distance between electiodes m inches . 

3 75 

3-75 

! 


•5 

•5 

' -5 


" Maximum positive volts of imnulse 

16.3 

14.2 


Impulse E. M, F. left 
standing by aluminium 
cell. 

Average widtn of same in per cent, of one- 
half cycle.. 

9 - 

iVla.ximum volts negative, caused by capac¬ 
ity effect. ■ft' 

3-5 

3-5 

3 - 


Average width of same in per cent, of ont- 
^ half cycle. 


.8 

.1 



S'S 

1 5 

1.5 

Capacity e.m f. caused 
by cell where impulse - 
E.tu.F. was cut out. 

Maximum volts positive capacitjf effect 
Average \vidih of same in per cent, of one^ 
half cycle. 

10.3 

5.2 

.8 

"'^effe^t^^ negative capacity 

0.7 

A Q 

i.S 

2.2 


Average width of same in per cent, of one- 
half cycle...... 

10 0 

4.2 

•4 



3-33 

I. 

T. 


It appears from this table that trustworthy results can be ob- 
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tained when using this cell, only by applying the smallest prac¬ 
ticable aluminium electrode, W ith larger electrodes the capacity 
currents will introduce errors in the instantaneous measurements 
of wa7e forms especially in the neighborhood of their zero values. 

Cells as constructed above but in which larger electrodes are 
provided, were found to be entirely useless for this purpose. 

When using this method for measuring the wave forms of 
capacity currents involved largely in the production of the “ cor¬ 
ona ” effect where the -j- and — alterations differ in form, we 
found that a commutator for cutting out every other impulse 
attached to Prof. G-. S. Moler’s cycle counter worked so satisfac¬ 
torily that we preferred it to the aluminium cell. The aluminium 
cell with a small electrode is so easily made when one does not 
have at hand a cycle counter, that it will doubtless be found con¬ 
venient and useful in many cases where measurements are to be 
made to determine the separate forms of the and — alterations. 


Discusstok. 


Mr. Steinmetz :—I have listened with great interest to Prof. 
Eyan’a paper giving a novel and very ingenious method of wave 
shape determination. I consider this as one of those elegant, and 
I may say artistic solutions of a problem which are of considerable 
interest by themselves, even outside of the problems they deal 
with. 

Kegarding the contact maker, however, there is the disadvantage 
that no contact maker can really give the points of the curve, 
but necessarily gives a certain range, since even if an instantane¬ 
ous contact can be made, which is not possible, the arc following 
the contact for an appreciable time prolongs it. We must consider 
that at a frequency of 125 cycles, a contact of .0001 of a second 
represents over four degrees of phase and thus will blur and 
smooth out very high harmonics as they occasionally occur. 

The only method which I found to give really instantaneous 
readings, that is points of the alternating wave and not averages 
of a short range, is the method devised some years ago by Mr. 
F. Holden, and in continuous use since that time in our factories. 

The contact maker disk consists of two segments per pole and 
is driven either by fhe alternator, or by a small synchronous motor. 
One of the segments establishes connection between the alterna¬ 
tor wave and a condenser, the other section closes the condenser 
through a voltmeter or other instrument. As seen, in the mo¬ 
ment where the condenser disconnects from the alternating wave, 
its charge is proportional to the alternating potential at this very 
point, but no current flows except the differential of current cor- 
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responding to the change of charge of the condenser, and no minute 
arc prolongs the contact. Thus the instrument reading of the dis¬ 
charge ciirreiit of the condenser is directly proportional to the po¬ 
tential of the alternating wave at the very instant where the 
condenser disconnects from the alternator. 

i>R. Sheldon:— Concerning the aluminium cell mentioned in 
the paper, the inference is to be drawn that there is a high elec¬ 
tromotive force of polarization. A few experiments which I 
have made indicate that there is no polarization of the magnitude 
frequentl V mentioned. Instead, the opposition to a flow of current 
due to a formation of some aluminium salt on the electrode. 
This salt is a non-conductor, and upon reversing the current it is 
carried back into solution. These conclusions I have drawn 
fi om the fact that an aluminium electrode becomes quickly heated, 
with a very small current, showing that the considerable number 
Ox volts lost right at the surface of the plate are used in overcoming 
i-esistance with the resulting heat development rather than in mo- 
ducmg chemical decomposition. 

Mr. Steinmetz :—1 had occasion lately to investigate this feature 
somewhat further and was struck with the almost absolute arrest 
ot current by the aluminium cell, a potential of 15 volts sending 
no noticeable current through a single cell from aluminium to car- 
oon, Willie from carbon to aluminium the cell acts practically as 
short circuit. ^ 


i have investigated the cause of this phenomenon, and believe 
It IS due to a rhin Him of aluminium oxide forming at the surface 
ot the aluminium plate, as soon as current begins to "flow therefrom 
intp the electrolyte. This film being a good insulator practically 
m terrupts the circnit. _ Experience has shown me that the phenom- 

electrolytes as do not react elee- 
tro-chemically npon alumminm oxide. The efficiency of this elec- 

^xi.f considerable differences 

to^stigatiop in this 

ia «P«rience th>t too little stress 

IS ordinarily laid upon the duration of contact in the more familiar 
contact-maker methods. The machines used for snrwoTk Tn 
many coUege laboratories are of the bipolar type, in which the 

same^rnTitTffi are of contact are the 

tHneh ^ reduce the mechanical arc 

in point that the variation of e. m. f. or current during the 

but wSen L'iri^ ’ ^ of the maximum ; 

out when this same contact maker is applied to the shaft of a mul 

mmber^ifm^^"'’ footrical arc of contact is multiplied by thh 

tir Vn/■ T""' of cycles per revoln- 

. very difficult to reduce the time of contact 

makeraccuracy, if the ordinarytype of contact 
ni-assf ^ii” j' I devised a contact maker which 

prscnclly does .way with this difflcnlty and which Ss beenin 
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successful use in our laboratory ever siuce. It is ordinarily used 
in connection with the well-known telephone method, and is illus¬ 
trated in Fig. 6. Once during each revolution, the hardened 
steel pin, p, makes contact with the steel spring s, and thus closes 
the contact maker circuit through the stiff strip b, but almost si¬ 
multaneously with this closing the circuit is opened by the separ¬ 
ation of s and b. Thus the same blow that closes the circuit opens 
it, and almost simultaneously. The duration of the contact is so 
small as to be negligible, even with high periodicities, perfect si¬ 
lence having been obtained in a very sensitive telephone, w'^ith an 
alternator of 180 cycles per second. 

Pjrof. Eyan :—1 would like to add a word to the very interest- 



Fig. 6. 

ing and beautiful method that Mr, Steinmetz has described,—to 
mention just now a use of the condenser a little different from 
that of tracing the forms of alternating values. Very often one 
wants to know just what the maximum pressure is that the insu¬ 
lation of a machine is strained to in practical operation. For in¬ 
stance in a street car motor it is of value to have a method by 
which we can tell what the highest electro-motive force is that 
the motor is capable of producing when the current is thrown off 
by means of the controller. If you use the condenser in series 
across the terminals of the motor a h and then through a battery 
of aluminium cells in this way: [See Fig. 7.] 
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Tiiis arrangement of the cells comes to us from our German 
friends. Across here we put a galvanometer, o d ; the condenser 
of Course will be given a definite charge due to the maximum 
pressure the system is subjected to, and the condenser will dis¬ 
charge itself. 1 he charge will come through the galvanometer 
in a certain direction in charging up, and it will disehar.o-e in the 
same direction bv virtue of the action of those cells, so Ihat you 
have a throw on the galvanometer that is proportional to the 
maximum electromotive force developed in manipulating the 

PiiOF. C. P. Matthews Professor Kyan has referred to the ad- 
mirablelittle galvanometer perfected by Mr. Hotchkiss. I think 
tins little instrunient and its possibilities are not sufficiently fam¬ 
iliar to the electrical engineers of this country, and this fact leads 



Fig. 7. 





apparatus in more common use. — 

robomtes^ffifeiVeSentrS cor- 

mininm cells. V Mr. Steinmetz with the alu- 

[Adjourned to Tuesday, June 27.] 




^ pa^erpresented at the Sixteenth General Meet¬ 
ing of the American Institiite of Electrical 
Engineers^ Boston^ finie Bjth^ iSgg, President 
Kennelly in the Chair. 


ELEMENTS OF DESIGN FAVORABLE TO SPEED 
REGULATION IN PLANTS DRIVEN 
BY WATER POWER. 


BY ALLAN V. GAREATT. 


Ill this paper the writer will endeavor to describe those pecu¬ 
liarities of design of plant which have a special bearing on speed 
regulation, but no attempt will be made to discuss the theory, 
mechanical construction or merits of the various water-wheel 
governors on the market. 

The engineer is often confronted with the problem of design¬ 
ing a plant upon an undeveloped or partly developed water 
power, and the desired end is to come out with a plant of good 
mechanical and electrical design and yet have it such that the 
speed of the electrical apparatus may be maintained within com¬ 
paratively close limits under any load variations which can pos¬ 
sibly occur, and to maintain the speed within very close limits 
under any working load variations. 

The kind of generating apparatus used, and the nature of the 
load, predetermines the degree of regulation which must be ob¬ 
tained under both accidental and working conditions, but it is 
quite evident that the tendency in modern plants is in the direc¬ 
tion of apparatus which requires closer speed regulation, and more 
facility in handling the speed than heretofore. 

It is quite possible to obtain on the market, water-wheel gov¬ 
ernors which will,-—provided the design of plant is good,—give 
quite as good a speed regulation as could be obtained if the plant 
were driven by first class steam engines. 

361 
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There is more than one water>driven electric plant in this 
country where auxiliary steam plants are used, in which the 
speed is fully as constant while the load is carried by the water¬ 
wheels as while it is carried by the steam plant. The plants of 
the Derby Gas Co., the Pawtuctet Electric Oo; and the Woon¬ 
socket Electric Oo. may be referred to as examples illustrating 
the above fact. 

The largest accidental load variation which can occur is evi¬ 
dently an instantaneous change amounting to the full capacity 
of the water-wheels. The working load variations may be any¬ 
thing less than this. 

The writer has found, in a practice amounting to something 
over 90,000 horse power of water-wheels in the last four years, 
that with good water-wheels properly set and rigged, and con¬ 
trolled by governors of suitable design, the speed may be held 
within five or six per cent, of normal upon circuit breakers open¬ 
ing under full load, and that the speed may be brought back to 
normal in from five to fifteen seconds, depending upon the 
amount of kinetic energy in the rotative parts and moving water 
column. With incandescent loads of the ordinary type, a record¬ 
ing tachometer will show a practically straight line. With ordi¬ 
nary electric railway loads, speed variations of about three per 
cent, as a maximum may be expected. These figures are not in¬ 
tended to be of universal application, but are for simply showing* 
the present state of the art. It should here be added that gov¬ 
ernors can be obtained which will permit any number of inde¬ 
pendent water-wheel units driving electrical units connected in 
parallel, to be operated with perfect convenience and safety. It 
should also be noted that in the case of alternating units it is- 
perfectly easy to get them at speed and in step for multiple con¬ 
nection without undue delay, and without any hand regulation.. 

These desirable ends cannot, however, be obtained to their 
fullest extent if the general design of the, hydraulic portion of 
the plant is bad. We will now consider those things, aside from, 
the governor itself, which tend to make the regulation good or 
bad. 

‘ As a preliminary thought let us consider for a moment that 
the problem is quite different from steam-engine governing,, 
which naturally comes to the mind in this connection, for the 
reason that water is heavy, practically non-compressible or non-- 
expansive, and rauVt be transmitted to the water-wheel in larger 
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volume and at low velocity; while steam is light, highly com¬ 
pressible and expansive, and may be transmitted to the engine in 
small volume and at high velocity. From this it follows that the 
engine valves are small, light and may be perfectly balanced, 
while water-wheel gates are necessarily large, heavy and are 
frequently,—although often unnecessarily,—out of balance. The 
inertia of the steam may be always neglected; the inertia of the 
water must be always considered. 

The problem of governing a water-wheel, then, involves mov¬ 
ing large volumes of a heavy, practically incompressible fluid 
acted on by the force of gravity alone, and of moving ponderous 
gates; and this must be done with absolute precision and great 
promptness. Also adequate provision must be made for the 
momentum and inertia of the moving water and mechanical 
parts. 

To put our minds in a proper attitude to approach this subject, 
let us refresh our memories in regard to some of the relations of 
force, mass, velocity and time. 

We have here a mass free to move. Its property of inertia 
prevents its moving until some force is applied to it. When, 
however, I apply for a moment the force of my hand it begins 
to move, and when I stop pushing it, it continues to move with 
a flxed velocity until I apply to it the same amount of force I 
used to put it in motion which brings it to a rest, and it cannot 
move again until a new force is applied to it. 

I have here a pendulum beating seconds, and here, (Fig. 1) 
are two masses consisting of pairs of balanced weights suspended 
by fine wires over pulleys which have as little friction as pos¬ 
sible. One of these masses is twice as great as the other. If we 
apply to them equal forces in the shape of small additional 
weights we will find that at the end of one second the smaller 
mass has acquired twice the velocity of the larger mass; or, in 
other words, where forces are equal the rates of acceleration are 
inversely proportional to the masses. 

But now I have here two equal masses (Fig. 2) and if we 
apply to them two forces,—one twice as great as the other,—we 
will observe that at the end of one second, the velocity of the 
mass acted upon by the larger force is twice as great as that of 
the mass acted upon by the smaller force; or, in other words, 
where masses are equal, the velocities are proportional to the 
forces. 
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Kowj I have here two masses, (Fig. 3) one twice as great as 
the other, and if we apply to the larger mass a force twice as 
great as that which we apply to the smaller mass, we will observe 
that at the end of one second, their velocities are the same; or, 
in other words, for equal velocities, the forces must be propor¬ 
tional to the masses. 

Qr, to generalize; velocities are inversely proportional to 
masses, and directly proportional to forces. 



Or, by assuming the unit of force as that force which will in 
umt time, give unit mass unit velocity, we may formularize the 
phenomena we have observed, by writing 

Force X Time = Mass X Velocity 
from which we may get by transposition 

Force = Maas x Velocity 
Time 


(2) 
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Time = 


Mass =1 
Yelocity = 


Mass X Velocity 


Force 

w 

Force X Time 

(4) 

Velocity 

Force X Time 

(5) 

Mass 


The product of ''force” into "time” is called "impulse,” and 
the product of "mass” into "velocityis called "momentum”, 
the equation teaches us that an "impulse” is equal to the 
" momentum ” which it produces. 

It is chiefly with the practical application of the laws we have 
just enuTiciated that we have to do in regulating the speed of 
water-wheels. 

Let us examine still further into the matter. We know that 
if we let any weight fall freely under the force of gravity,—or, 
as it is usually written, with a force = the end of one 

second it will have acquired a velocity of approximately 32.2 
feet per second; or, if we throw any weight up with an initial 
velocity of 32.2 feet per second, the force of gravity wull stoj) it 
in one second. 


In the latter case, the velocity at the start = 32 . 2 , and the 
velocity at the end of the second = 0, and the mean or average 
velocity and the distance it will travel = 32 . 2 -^ 2 = 16.1 in the 
first second. Therefore, the work in foot pounds, which any 
weight can do by being thrown vertically with an initial velocity 


of 32.2 feet per second = weight 




Please note that in above case, the initial velocity (Y) == y or 
32.2, and that Y-r-y = 1. 

If, however, we have thrown the weight upward with an 
initial velocity twice as great as before: ^. e,, 64,4 feet per 
second, the force of gravity would stop it in two seconds; but 
the mean velocity in this case is 64 . 4 - r - 2 = 32 . 2 , which is twice 
what it was before, and we must also note that it was traveling 
upward twice as long as before; hence, by doubling both the 
velocity and the length of time, it will ascend four times as far. 
Thus, by doubling its Y-hy, which in the latter case =2, w.e 
have enabled the weight to do four times the work. Or, we may 
truthfully state that in the second case the work equals that in 
the first case multiplied by (; or, formulating it 
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Work in foot pounds = weight X | X 


cj V ^ 

Work in foot pounds = weight X ~ X —^ (7) 

2 ^ 

y2 

Work in foot pounds = weight X (^) 

'Or we may more conveniently write it 

Work in foot pounds — w^l X ^ (9) 

which is the form in which we will have occasion to most often 
use it. 

As this is a universal law applicable to any force and any 
velocity it is applicable to water falling under the influence of 
gravity. 

To fix it in our minds let us apply it numerically to the masses 
with which we have been experimenting. iStart with the masses 
as shown in Fig. 2. 

Let the masses M and be equal, and let them each be 
numerically equal to 1. Let = 2 and = 4. Let their 
time of action T = 1 second, then their velocities at the end of 
the time T will be 

y_FT _2Xl 

^ ^.FT _4.xl _ , 


Now at the end of the time T, stop the action of the forces F 
■and and apply to the masses M and J/, in an opposite direction 
a new force F^ = 2. This new force will stop the masses in the 
following^lengths of time: 

rp _M'X Y 1X2 ^ 

-2- =* 

^ -^ -2 

But the space and Si through which they will travel before 
ihej stop will be 
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8,= ITi = r^ = i 
2 2 

8.i = YiTj = t ^ .^ = 4 

^ iTt Li 


" 2 2 

or the masses are as ' 1:1 

and the forces applied to them are as 2:4 

for lengths of time which are as 1:1 

which give them velocities which are as 2:4 

and cause them to travel through spaces 
which are, during time 5^, as 1:2 


consequently doing work on them which are as 


(l X : (l X or as 2:8 

They can then oppose equal forces 

through spaces which are as 1:4 

during lengths of time which are as 1:2 

consequently doing amounts of work which are 

as /S and jP'/Si or (2 X 1) : (2 X 4) or 2:8 


In the above case the masses M and J/i should consist of 
weights of 32.2 lbs.; that is, the weight at each end of the wire 
should be 16.1. The force F = 2 lbs., = 4 lbs., = 2 lbs. 
A pendulum 39.1 inches long from center of weight to point of 
support will beat near enough seconds for ordinary experimental 
pitrposes. A few experiments carefully carried out with the ap¬ 
paratus shown in Figs. 1,.2 and 3 will teach one more about the 
relations of mass, force, time and velocity than can readily be 
learned in any other way. 

We are now prepared to see the application of the laws, and 
the formulae we have written, directly to one of the most im¬ 
portant details connected with the installation of water-wheels. 
This can be best shown by an example. 

We have here two water-wheels (Fig. 4) operating under the 
same head, which we will assume to be nine (9) feet. You will 
observe that although the head is the same in both cases, one 
wheel,—which we will designate No. 1,—is set in an open flume 
of ample size; while the other wheel,—which we will designate 
as No. 2,—^is in a closed flume connected to open water by a long 
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closed pipe which is nearly horizontal. The behavior of these 
two wheels when operating under variable load, is entirely 
different. 

Let us assume, for the purposes of argument, that the eJBSciency 
of the wheel is the same at all stages of gate, and that the 
amount of water which passes through the wheel is proportional 
to the gate opening, and that the power of the wheel is propor¬ 
tional to the amount of water which passes through it under 
constant pressure. IS^ow, if the wheel is operating at full gate 
and half the load is suddenly thrown off, and the suitably 
designed governor attached to the wheel promply shuts the gates 
so that only one-half as much water can pass as when the wheel 
was at full gate, it is evident that the speed will remain com¬ 
paratively constant. 

Let us see if this will be the case with wheel iSTo. 2. If it is 
operating at full load, and half the load is instantly thrown off, 
and the governor promptly shuts the gates so that only half as 

N9l, 



much water can pass, it is evident that the velocity of the water 
in the closed pipe must be reduced one-half. 

If we assume that the w^ater in the pipe weighs 1,000,000 
pounds, and has a velocity at full head of four feet per second? 
its energy (see formula 9) = 1,000,000-4-32.2 X 4^2 = 248,440 
foot pounds, and if the water velocity at half load is two feet 
per second, then its energy = 1,000,000-4-32.2 X 2^-^2=62,110 
foot pounds, and the difference between these two amounts of 
energy, 248,440—62,110 = 186,330 foot pounds, must be ex¬ 
pended upon the water-wheel before the water velocity is re¬ 
duced to two feet per second. 

If it were expended in one second it would = 186,330-4-550 
horse power, but this is a little quicker than we would expect to 
do in practice. Suppose we slow up the water column in two 
seconds, then the energy expended = 186,330-^550 X 2 = 169 
H. p. for two seconds. The above value of h. p. would not hold 
strictly true unless the rate at which the gate closed was pro- 
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portional to the rate at which the water column slowed up; hut 
the total foot pounds expended on the wheel would be as above 
stated. To find the exact value of h. n. at any instant of time, 
would require a more elaborate mathematicai treatment of the 
problem than the time now at our disposal permits; but the 
significant fact to which I wish to call your attention is that this 
work done upon the water-wheel in slowing up the water 
column, is entirely independent of, and in excess of, the work 
which is expended upon the water-wheel when it is working 
normally at half gate, with the water column moving at a fixed 
velocity. 

It is evident that the above amount of work done upon the 
wheel while the water column is slowing up, would tend to 
make the speed of the water-wheel run high if the governor only 
half closed the gates. In fact, the governor would have to set 
the gates much nearer closed than one-half; or, to speak more 
accurately, the governor would, at each instant of time, have to 
hold the gates at such a position that the power developed by 
the wheel, due to the working head plus the instantaneous value 
of power being developed by the slowing water column, equalled 
the load upon the wheel. 

This might be found to be quite unfeasible, for the pressure 
developed on the closed pipe and wheel case might be dangerous, 
or the gate might be too ponderous or too badly rigged to 
permit of the requisite promptness of motion. 

The maximum pressure which would be developed at any 
instant of time at the water-wheel, would be an impossible thing 
to calculate without knowing a great deal more about the 
venting areas and time-ratio of closing them than can ordinarily 
be found out in practice. All that can be predetermined is what 
may be called, for want of a better term, the time-average 
pressure. This can easily be determined as follows :— 

Let jP = the time average pressure 

L = the length of the closed flume in feet. 

V = the water velocity in feet per second. 

T = the time in seconds in which the water velocity is 
arrested. 

K = the area of a square inch expressed in square feet = 
.00694. 

I’hen 
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p 62.4 X X X F 

32.2 X X 

It will be observed that 

Ji X 62.4 _ ,oj;324 is a constant, call this 
32.2 


( 10 ) 


and the formula becomes 


P = 


K,X Lx V 
T 


( 11 ) 


Applying this to the flume we have been discussing in which 

L = 300 
7 = 2 

r= 2 


we have 

p _ .01324 X 300 X 2 _ 

2 

As a water column one foot high exerts a pressure of .43 lbs. 
per square inch, it follows that a pressure of 3.97 lbs. per square 
inch represents a head of 3.97 .43 = 9.2 feet. In other 

words, if the pressure on the wheel could have been kept 
constant all the time the water column was slowing up from 
four feet per second to two feet per second, the wheel would 
have been working under 9 -(~ 9.2 = 18.2 feet of head, instead 
of under 9 feet of head as it should have been. 

From experience we know that it is impossible to close the 
water-wheel gates at such a rate as to keep the pressure constant, 
and as a matter of fact, during some portion of the two seconds 
the water pressure would have been greatly in excess of 3.97 lbs., 
per square inch above normal, with a correspondingly large dis¬ 
turbance of the speed. ^ 

We may note a curious fact in this connection. With a water¬ 
wheel set like No. 2 in Fig. 4, working at nearly full gate, and 
if under these conditions a large portion of the load is instantly 
thrown off and the governor is of unsuitable design and does not 
compensate for the kinetic energy of the slowing water column, 
it may be found by experiment that the speed will run higher 
than though there were no governor at all. This is for the reason 
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that for an interval of time the wheel is working under light load 
.and a greatly increased head, and there is, consequently, a greatly 
increased speed; or, we may say that the amount of energy ap¬ 
plied to the wheel under the increased pressure, even though the 
gate areas have been somewhat reduced by the governor, is 
greater than would have been the case had the gates not been 
moved at alL 

The first remedy which suggests itself is to place large relief 
valves near the wheel case, so that they will open and let the 
water escape if the water much exceeds the static head. This 
would help matters somewhat upon load suddenly going off, but 
would it help matters upon load suddenly going on ? Let us 
examine this matter. 

Suppose the wheel is working at half load with the water 
column moving at a rate of two feet per second, and the whole 
load is instantly thrown on the wheel. The governor will 
promptly open the gate wide, but the water-wheel cannot develop 
its whole power until the water column has attained a velocity 
of four feet per second. To gain this extra two feet per second the 
water column must have expended upon it the same amount of 
work which it expended in losing its two feet per second, namely, 
186,330 foot pounds, and this mast be deducted from the work 
the wheel will do normally at full gate; so that the instantaneous 
value of power developed by the wheel while the water column 
is gaining velocity would equal the normal power of the wheel 
at full gate minus the instantaneous value of power being ex. 
pended upon the water column in getting up to speed. 

It is evident that' the speed of the water-wheel would fall con¬ 
siderably below normal and there would be absolutely no remedy 
for it in the present state of the art. I say this advisedly and 
have not forgotten the question of fly-wheels, which is* undoubt¬ 
edly in all of your minds at the present moment. 

Let us now consider how long it will take the water column to 
get up to speed. First let us look ags-iii at wheel No. 1 for a 
moment. We know that Jhe velocity of water falling without 
friction may be expressed by the formula. 

F- V ^2 g (12) 

where V = velocity in feet per second. 
g = 32.2 
H = head in feet, 
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taking 2 g outside of the square root sign we have 

V = 8.025 V'H (13) 

This is the velocity with which water should enter the water 
wheel. 

For purposes of simplicity I have in this paper ignored the 
corrections which should be made for water friction on surfaces 
and in orifices, as they do not alter to any large extent the stub¬ 
born facts we are considering. Such corrections are beyond the 
scope of this paper. 

Applying formula hlo. 13 to wheel JMo. 1 and assuming that 
the water enters the wheel without friction we have 


Yelocity of water entering ) ^ ^4 ft. per second, 

wheel under 9 foot head ( 

Now, as the time required for a falling body to acquire a given 
velocity = — we find in the case of wheel No. 1. 


Time in seconds for water to 
acquire spouting velocity into 
wheel under 9 foot head. 


V 

g 


24 

32.2 


.7 second. 


Thus, if the gates being closed were instantly opened, the 
water would be doing its full amount of work on the wheel in 
seven-tenths of a second.—To make the above absolutely true 
it would be necessary to assume that the water would enter the 
wheel with equal freedom at all stages of gate, which is not the 
case, but it is sufficiently near the truth for our present argu¬ 
ment. We are also ignoring what is known as the velocity of 
approach for reasons previously stated. 

To make sure that our figures are right let us calculate the 
value of V from our fundamental equation (hlo. 5.) 


7 = 


FT 

M 


Assume a vertical water column of one sq. ft. area and 9 ft. 
high. Its weight is 62.4 X 9 = 560.7'; this = F. 

Then 


r= 


561.6 X .7 _ 22 g 
661.6 
'32.2 


which is a close approximation to the value of Y= 24 previously 
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found, the slight discrepancy being due to the fact that 62.4 is 
not the exact weight of a cubic foot of water, and 32.2 is not the 
exact value of g. It might also be added that the square root of 
2 g = 8.025 which is usually given in books on hydraulics, and 
which was previously given in formula No. 13 is a trifle too large, 
and a closer approximation to truth will be obtained by calling 
it 8.02. By using better values we can bring out V = 23.8 

Now, in case of wheel No. 2 the water will behave in an 
entirely different manner. We know that the spouting velocity 
at wheel No. 2 is the same as at wheel No. 1 minus the friction 
of the pipe. Unfortunately, we are concerned not only with the 
spouting velocity at wheel No. 2, but with the length of time it 
will take to attain spouting velocity at wheel No. 2. The water, 
instead of falling vertically as in wheel No. 1, runs down an 
el most horizontal inclined plane. A large part of the force of 
gravity is applied perpendicularly to the inclined plane and the 
email remainder is applied to shove the water down the inclined 
plane. A diagram will make this clear. 

Let A in Fig. 5 — the head in feet from open water above 
the entrance to the flume to tail water level. 

Let JB = the horizontal distance in feet from entrance to flume 
to draft tube at tail water level. 

Then 0 = the hydraulic slope. 

Project = A = the hydrostatic head. 

Draw D perpendicular to 0- 

Complete the parallelogram. 

Then the force (7i (which we must remember is the hydrostatic 
head) is equal to the forces A^ and J) of which the latter is 
wholly sustained by the reaction of the plane (9i while A is 
wholly effective in accelerating the motion of water down the 
slope C, We evidently wish to know the value of Ai in terms 
of the triangle A JB G which is similar to the triangle Ai Bx 

We know that Ax = Gx sine Chx' Then as {7i = A and (ix = 
it follows that Ai = A sine a. Let us designate the value of Aj 
so found as/l 

We have seen (Fig. 3) that the time to give equal masses equal 
velocities is inversely, proportional to the forces. 

Calling Tthe time to acquire spouting velocity down A and 
Ti the time to acquire spouting velocity down G we may write 

T:A-f:Tx ( 1 ^) 
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from wMch we get 

^ (15) 

Let us apply this equation 15 to the case of wheel No, 2 in 
Fig. 4. 

o 

The head 

A =,9 feet. 


Assume 

Then 


then 


B = 298.7 feet. 

C V 9-' X 298.7*' = 300 feet. 

Sine a ^ ^ = .03 

G 300 

Ai = A sine a = 9 x .03 = .27 =/* 
A = 9 

T — .7 previously found 


= TA — 7 = 23.3 


/ 


.27 


seconds required for water to acquire spouting velocity down 
slope O. 

It may be noted that 

TA 


T, = 


may be written 


T, 


f 

TA 


A sine a 


which by cancellation becomes 

T^ = 


T 


sme a 


(16) 

(17) 


which is its simplest form, and in which it should he used. 

To make the above reasoning plainer, I have plotted (ISee Fig. 
6) lines showing the time necessary for water to acquire spouting 
velocities into the two water-wheels shown in Fig. 4. Line 0-1 
shows the time for water to acquire any velocity up to spouting 
velocity into wheel No. 1; line 0-2 shows the time, for water to 
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acquire any velocity up to spouting velocity into wheel Iso. 2. 

It naturally occurs to one in this connection, that the water 
never has occasion to acquire spouting velocity in the flume of 
wheel No. 2: in fact, we assumed that the maximum water 
velocity in' this flume was only four feet per second, which is 
only one-sixth of spouting velocity. It can be shown mathemat¬ 
ically, and experiment proves that this does not interfere with 
the line of reasoning we have been following. If, instead of the 
end of the flume being wide open, it were five-sixths closed, the 
remaining sixth being an orifice (the venting areas of the water¬ 
wheel) capable of being varied at will, it would simply mean 
that in the flume the value of y = 32 2 would be considerably 
reduced. This new value we should calculate and call it G. 
We could then substitute it for the value of y we have been 



using in our calculations, and the ratio of velocity and time in 
the open flume of wheel No. 1 and in the closed flume of wheel 
No. 2 would be found to be the same that we have already 
ascertained. 

But it may be argued that we are concerned with the force 
which the water will apply to wheels No. 1 and No. 2 while the 
water is getting up to spouting velocity, and not with the 
velocity of the water itself. Let us see at what rate the water 
will develop its full amount of energy on the two wheels we 
have been considering. 

The theoretical amount of energy which flowing water can 
apply to an obstacle, advantageously placed in its path, may be 
expressed as follows:— 
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F = F+4:wa (18) 

g ^g 

where P = the theoretical energy developed 

F —^the'force of impulse and also of reaction 
TF = weight of water flowing per second 
w = weight of one cubic foot of water 
a = cross-section of the stream in square feet. 

It will be noted that if we assume <2 = 1, we may regard 

= 3.9 

- 9 

as a constant, which, multiplied by the square of the velocity of 
flow’in feet per second, will give the theoretical force which the 
water will develop. I have calculated the force developed at 



wheel No. i and No. 2, as shown in Fig. 4, for each tenth of a 
second, beginning with the water at a rest in both eases and 
ending with spouting velocity, and have plotted the values in 
Fig. 7. Curve 0-1 shows the rate at which water standing at a 
rest, develops its full energy on wheel No. 1: curve 0-2 shows 
the rate at which water standing at a rest develops its full 
energy on wheel No. 2. You will note in the case of wheel No. 
1, how very promptly the energy gets to its maximum value, 
and in the case of wheel No. 2, how the energy lags for a 
considerable time before it arrives at anything like its maximum 
value. 

I wish to emphasize this line of reasoning, because it is, 
perhaps, the most important thing to be considered in setting 
water-wheels where speed regulation is a desideratum. We can, 
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ill an imperfect way, provide for the expenditure of the energy 
necessary to slow np a water column, but there is no way to 
make a water column, while gaining velocity, do the work it is 
capable of when it has arrived at full velocity. 

The important fact to whicli I want to especially call your 
attention is that the difficulty is measured not only by the length 
of the closed flume, but is inversely proportional to the sine of the 
angle of hydraulic slope. Wlien the sine becomes 1; that is, 
when the angle is 90°,—or in other words, when the closed 
flume is vertical,—then the difficulties due to the fact that water 
moves slowly under the influence of gravity, have reached their 
minimum and the speed regulation will be the best obtainable. 
As the sine of the angle of hy^draulic slope grows less, then the 
obtainable regulation grows worse. 

There is one way in which the difficulties attendant upon a 
small angle of hydraulic slope may he in a measure compensated 
for, and that is by means of a stand pipe. 

In an electric plant, it is not usually of such importance that 
a load change amounting to the full capacity of the wheels be 
followed by a small speed variation, as that the comparatively 
large loads which go off and on for short intervals of time shall 
not disturb the speed to any great extent. Here is where the 
stand pipe is of value. If a portion of the load goes off instantly, 
and the correctly designed governor promptly closes the gates to 
the correct position, the excess of water will flow out over the 
top of the stand pipe and the water velocity in the flume will 
not be arrested so promptly as though there were no stand pipe; 
neither will the pressure at the wheel be much increased. To 
•obtain these results, the stand pipe should be only a very little 
higher than the water level in the pond. It should be located 
as near the wheels as possible, and its top should be turned over 
so that the escaping water can be led to some convenient point 
of discharge. 

If, after a load has gone off instantly, it comes on again in a 
•short interval of time, it finds the water velocity in the flume 
but little diminished, and also the vertical water column in the 
. .stand pipe is ready to apply its energy to the water-wheel in the 
most advantageous manner. To make the last factor of much 
practical use, the cross-section of the stand pipe must be sufli- 
cientl}^ large to prevent the level of the enclosed water column 
from falling much while the water in the closed flume is gaining 
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its lost velocity. As a general statement, the larger the diameter 
of the stand pii)e and the less its height above the hydrostatic 
level, the better will he the speed regulation. There has not, a,s 
yet, been sufficient ])rac.tieal c.xperience with stand pipes to 
formulate rules which will solve the least diameter which will 
result hi any desired degree of speed regulation. 

In the writer’s experience, it has been found that the use of a 
stand pipe of am[)le proportions will render a plant governable 
within very close limits under ordinary operative conditions 
which had proved to be utterly ungovernable before the stand 
pipe was installed. 

From what has been said above, it will be seen that a stand 
pipe is chietly of use in aiding a good governor to maintain a 
comparatively constant sliced under those freiinently recurring 
load changes which obtain in electric plants,—especially in 
electric railway and ])ower jilants. It also gives perfect protec¬ 
tion against dangerous water pressures being developed v/hen 
circuit breakers open, or when, for accidental reasons, it is 
necessary to shut down the water-wheels instantly. 

A stand pipe will not,—unless of very large diameter,—en- 
alile a good governor to maintain a good degree of speed 
regulation if the load be increased from friction load to full load 
instantly, wherta the angle of hydraulic slope is small, unless 
such increase of load takes phu^e before the water in the enclosed 
Hume has lost much of its vel(»city. 

The writer had intended to refrain entirely from submitting 
designs showing the proper witting of water-wheels, for the 
reason that such a largo number of typical plans would be re¬ 
quired to cover all probable (‘.ases, that it would bo hopeless to 
to treat the subject, linqiorly without extending this ])aper 
beyond proper limits, lie cannot, however, resist the temp¬ 
tation to introduce at this point, one design (shown in Fig. 8) 
which has proved to .he singularly adapted to the demands ot 
water-power driven clecitric plants. It will he noted that the 
wheels arc. arranger! for direct connection. The angle of hy¬ 
draulic slope is practically giving the best possihle con- 
diitons for speesd regulation. The governor may be placed 
directly outside the Hume head and connected to the gates in the 
simplest jiossihhi mamuir. The speed variations of the main 
shaft may bo transmitted to the governor by one holt. I'he 
requisite k. r. m. may he obtained by varying the diameter and 
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number of wheels. The number or size of wheels on the one 
shaft may vary from one to as many as can be handled l)y one 
governor, or as may be required by the capacity of the electrical 
unit. This general design has found favor in a niimlier of the 
most prominent plants in this country as well as in Eiirope. 
The regulation is invariably good if a suitable governor be used. 

It is usually the case that part of the head utilized in modern 
plants is below the watenwheel in the shape of a draft tube: 
in fact, where horizontal wheels are used, it is practically 
necessary to have them a number of feet above tail water level 
for convenience of connection to the driven machinery. 

The same general rule holds good in regard to draft tubes, 
which, we have found, applies to closed flumes. They should be 
as short and as nearly vertical as possible. The maximum 



vertical length of a draft tube is, of course, limited by the 
atmospheric pressure. The water stands in the draft tube foi 
the same reason that mercury stands in a barometer. The 
specific gravity of mercury is 13.6: that is, it is 13.6 times as 
heavy as water. Atmospheric pressure holds mercury up in the 
barometer tube,—let us say 30 inches or 24 feet,—therefore it 

■will hold water up in the draft tube 2.5 X 13.6 = 34 feet: that 
is, it would do so if the draft tube were air tight. The external 

atmospheric pressure at the top of such a draft tube would be 
14 .Y pounds per square inch. There are few draft tubes that 
would stand that pressure without leaking air. This fact is well 
recognized by hydraulic engineers, and it is rare to find dra 
tubes 25 feet high from tail water level to water wheel centers. 
If the water-wheel is likely to be subjected to large load varia- 
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tions, it is very desirable that the draft tube should have a much 
less vertical height for the following reason :— 

At the bottom of a 25-foot vertical draft tube the atmospheric 
pressuj’e is forcing the water up with a pressure of 14.7 pounds 
per square inch, and the weight of the water is pressing dov/n 
with a pressure of 10.75 pounds per square inch : that is, the 
difference between the air pressure and the weight is 14.7—10.75 
= 3.87 pounds per square inch. ]Now, if the water velocity in 
the draft tube is suddenly arrested by shutting the water-wheel 
gates the kinetic energy of the slowing water column will be 
found in the downward momentum of the water. This may 
easily create a downward pressure greater than 3.87 pounds per 
square inch, in which case a vacuum would be formed in the 
upper part of the draft tube and the column of water would sink 
in the draft tube and immediately after would rush upward again 
striking the bottom of the wheel with great violence. If we were 
so fortunate as to escape an accident of the kind above described 
we should find that with a draft tube of considerable height there 
is a. tendency for air to leak in, and this, under the negative pres¬ 
sure of the weight of the water, expands into a partial vacuum 
so that the draft tube will be only pai'tly filled witli water, and 
as the position of the water-wheel gates varies as the load changes, 
the water column in the draft tube will sway up and down pro¬ 
ducing the effect of a pulsating head on the water-wheel. This 
is very detrimental to good speed regulation, and is a very com¬ 
mon annoyance encountered in practice. The performance of 
such a draft tube may be easily illustrated by holding a mercurial 
barometer in the hand and slowly moving it up and down. 

Air chambeis on flumes, to give protection against water ham¬ 
mer effects, are of very little practical use unless of ample size, 
even if they are full of air. The writer examined a plant so 
located that the bursting of the flume would have destroyed the 
whole plant and mined an investment of, at least, $100,000. At 
the lower end of the flume was a large air chamber. The super¬ 
intendent in charge pointed with pride to it, and confidently 
expressed the belief that it afforded ample protection against the 
dangerous strains on the flume due to water hammer. Upon 
examining the air chamber it was found to be entirely filled with 
water, and it had probably been in that condition for a consider¬ 
able length of time. ‘Water under pressure absorbs air with great 
facility. An air chamber should be provided with an air pump 
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wliicli may be readily connected to some convenient source of 
power, and with a gauge glass to show the water level. When 
so arranged, and if of ample size, it affords considerable safety 
against pressure developed when load goes off suddenly ; but it 
is of no practical use as an aid to the governor in maintaining 
constant speed. 

Aside from designing the water column along the lines already 
suggested, so that the w^ater may gain its working velocity in the 
least possible time and also so that it may add to or take from 
the water-wheel the least amount of the kinetic energy of the 
water, the next most important thing is the design of the water¬ 
wheel gates and the method of connecting them to the governor. 

As has already been pointed out, the gates are of necessity 
large and heavy, and yet they must be moved with great prompt¬ 
ness and precision. The writer has had occasion to investigate 
with more or less accuracy the number of foot pounds necessary 
to open and close the gates of several hundred water-wheels, and 
the surprisingly large variation in the amount of energy required, 
leads him inevitably to the conclusion that this matter has not 
received in many cases the careful engineering treatment which 
it deserves. 

Water-wheels are of many designs and sizes, and work under 
many different conditions of head, but there would seem to be 
no adequate reason why the gate of one water-wheel developing 
a certain amount of power under a given head should require 
only 1,000 foot pounds to completely open it, and the gate of 
another w^ater-wheel of different make, developing the same 
amount of power under the same head, should require 60,000 
foot pounds. Yet such has been found to be the case. Tlie above 
example, taken from actual practice, is by no means unusual; 
and scores of such eases could be cited sho\ving relatively absurd 
figures. 

Some builders prefer to use cylinder gates on their wheels; 
others prefer wicket gates; while still others adhere to register 
gates. It is not the intention of this paper to enter into a critical 
comparison of the merits of these various types of gate, and, in 
fact, from the standpoint of speed regulation, no such comparison 
is necessary for the good and suflicieut reason that there are 
wheels on the market of all three of the above kinds which show 
little to be desired in the ease with which the gates may be 
moved. It is also true that there are makes of wheels of all 
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tliree kinds wliicli cannot be governed accurately under variable 
loads, simply for the reason that their gates cannot be moved 
quickly enough. 

It is often necessary to start a gate from a rest and completely 
•open or close it in two or three secondsj or give it a proportion¬ 
ately smaller motion in a proportionately shorter space of time. 
Or, what is still more severe, it is often necessary that while a 
gate is opening or closing, its motion be instantly stopped and 
reversed. 

If one will watch a thoroughly first-class governor handling 
the gates of a water-wheel which is driving an electric generator 
operating on a variable load, one is convinced of the fact that 
the governor has to develop considerable amounts of energy in 
-surprisingly short spaces of time, and that the rigging connecting 
the governor and the gates is subjected necessaiily to consider¬ 
able strain, from which it follows that the easier the gates move 
the less chance there is of stripping gears and twisting off shafts; 
to say nothing of relieving the governor itself of unnecessary 
strain. 

All gears between governor and gate,—except immersed racks 
and pinions,-—should be cut, of first class workmanship and not 
too large for the work required of thetn. The latter precaution 
is necessary to prevent the MV^ energy in the gears themselves 
destroying the rigging when the direction of motion is suddenly 
reversed. Shafts should be of just sufficient size to give an 
.ample factor of safety, and prevent torsional difficulties, for it is 
absolutely necessary that the smallest amount of motion of the 
governor shall be transmitted accurately to the water-wheel gate. 
Lost motion in gears, and twisting of shafts are fatal to good 
regulation. Hand-wheels should be so arranged that they may 
entirely thrown out of connection with the rigging while the 
governor is in action, or they may be unkeyed in some simple 
manner. 

Counterbalancing a gate is not the equivalent of having it in 
water balance. All vertical cylinder gates are necessarily out of 
balance to an amount equal to their immersed weight, but that is 
usually 80 8 in 9 .ll that it is not necessary to counteract it with a 
counterweight. 

Some designs of gate show a violent tendency to. close or stay 
dosed. It is the custom to counterbalance such gate’s, and this 
practice leads to endless trouble an account of the kinetic energy 
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in the eoniitecweight. It .being often necessary to reverse the 
motion of the counterweight suddenly, the kinetic energy 
■expended at the moment of reversal, is often sufficient to wreck 
the rigging. If counterweights must be used, it should be re¬ 
membered that their kinetic energy is proportional to their 
weight, and also proportional to the square of their velocities; 
from which it follows that a heavy, slow-moving weight does less 
damage than a light, rapid-moving one. 

Some general statements may be made in regard to tlie design 
of water-wheel gates adapted to plants in which it is desirable to 
obtain good speed regulation. 

It has been the custom of late to cast onto cylinder gates, 
fingers reaching out between the guides. These innocent look¬ 
ing devices, which are supposed to guide the water into the 
wheel properly, and hence raise its efficiency, are a source of no 
end of trouble when it comes to moving the gate quickly enough 
to produce good speed regulation. The direction of motion of 
the water as it enters the wheel is always such that it presses 
these fingers downward with tremendous force, giving the gate a 
strong tendency to close. By removing these fingers, the 
amount of energy necessary to open the gates can always be 
reduced by, at least, one-half, and often times more than that. 
There are scores of water-wheels on recoi-d which were so much 
out of balance, due to the fingers on the gates, that it was found 
impracticable to govern them satisfactorily on acount of gears 
■stripping and shafts twisting off. In the writer’s experience, 
it has always been found practicable to govern these wheels by 
removing the fingers. 

Now, as to the question of efficiency. The writer has often 
had to meet the argument of the few per cent, of efficiency sup¬ 
posed to be lost by removing these fingers, and to answer this 
question, tests have been made which show fhat there is no 
material gain in the efficiency of a water-wheel set under 
ordinary working conditions, by attaching fingers to the gate. 

Two vertical cylinder-gate wheels of the same size and make, 
were set in open flumes side by side. The head was precisely 
the same in both eases. Both wheels drove electric generators 
of the same make, type and size. Both wheels were furnished 
by the maker with cylinder gates, precisely alike and provided 
with fingers. It was found impracticable to govern these wheels 
properly, on account of the gates working so hard and being so 
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mncli out of balance. The fingers were removed from the gate 
of one wheel, and it was at once found that the wheel governed 
very satisfactorily tinder a very Variable load. Then a test was 
made of the efficiency of the two wheels, one with, and one 
without fingers on the gates. Wires were brought up from the 
gates, carried over pulleys, kept taut by small weights, and they 
terminated in pointers reading on the same scale. A constant 
electrical load was switched onto one generator, and the position 
of the pointer indicating gate position was noted. Then the 
load was switched onto the other generator (the speed being 
kept the same in both cases) and it was noted that the pointer 
of the second unit stood at the same point at which the pointer 
of the first unit had previously stood. This experiment was 
repeatedly tried at a number of different loads, from slightly 
above friction load, to nearly the full capacity of the wheels* 
So far as could be observed, the efficiency of the wheel without 
fingers on the gate, was as good as that of the wheel with the 
lingers. The particular test above described, was made by Mr* 
J. H. Wilson, in the plant of the Berlin Mills Co., Berlin Mills,, 
N. H, 

The writer is aware that this test is not the equivalent of a 
Holyoke test, but it is certainly of great interest to the practical 
engineer who is harassed by the thought that in avoiding the 
Scylla of bad effiiciency, he will surely be wrecked on the 
Charybdis of an ungovernable gate. 

There are a number of other details of cylinder-gate construc¬ 
tion which-tirne and space will not permit us to touch upon here,, 
but which should be considered by the thoughtful engineer before 
making a selection. The thing to be borne in mind is that the 
cylinder and its connections should be of such design that they 
may be easily moved, and will not bind and run hard in any por¬ 
tion of their travel. 

"Wicket gates also have their peculiarities. Some makers hang 
them in such a manner that thay are practically in water balance 
in any position, and may be readily opened and closed with a 
small expenditure of energy. Such gates leave little to be desired, 
and wheels fitted with gates so designed may be governed with 
the greatest degree of exactness and without fear of injury to 
the rigging or governor. The writer has observed, however, 
that some wicket gates which move very easily have so much 
lost motion that in certain portions they tend to flop (no other 
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word conveys tlie idea) first in one direction and tlie^lp the 
other, causing a pulsating speed which is very annoying 
parently inexplicable until one has investigated the cause. TEe"" 
danger of lost motion is greater with wicket than with cylinder 
gates, but with pi^oper construction it is found in practice that 
lost motion may be entirely eliminated from wicket gates. 

In some wickehgate wheels the wickets are hinged at one end 
and attached by the other end by tangential arms to a banjo, 
which in turn is geared to the shaft going to the governor. Such 
gates are entirely out of water balance when partly closed, and 
the more they are closed the more they are out of balance. 
Wheels with gates of this description are very difficult to govern. 
Frequently the strength of the wickets and radial arms is not 
sufficient to withstand the water pressure, even if sufficient energy 
can be supplied to them. In recent practice a wheel of this 
description was found to require some 40,000 foot pounds to 
open it. Another wicket-gate wheel of difierent make but the 
same rated h. p. was found to require only 5,000 foot pounds to 
open it. As another recent instance, it was found that a pair of 
wicket-gate wheels of the kind described above required 19,000 
foot pounds to open them: another pair of different make but 
the same rated ii. p. required but 2,500 foot pounds to open them. 
The wheels compared above were working under the same head. 

The way a maker proposes to rig his gate is a good indication 
of the amount of energy he thinks it will take to move it. If he 
thinks it is necessary to use worm gears or multiplying gears 
giving a large number of turns to the hand-wheel it is safe to 
conclude that in his opinion,—and he certainly ought to know,— 
the gate will move hard or be much out of balance. Such wheels 
it is safe to leave alone if accurate speed regulation under vari¬ 
able load is the end in view. 

All practical engineering is a compromise between the desire 
of the engineer on the one hand to produce a perfect piece of 
engineering, and the unwillingness of the stockholders on the 
other hand to invest money which will not bring direct returns 
in the shape of dividends, or, to state the matter more conserva¬ 
tively, there is always a point in each plant beyond which invest¬ 
ment must not go, and this point is different for each plant, 
being fixed by the economic conditions which surround the 
particular enterprise. 

For the above reasons it is impossible to laydown hard and 
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fast rules for tlie development of water powers. Assuming that 
the value of all engineering is measured by the dividends earned, 
what would be good engineering in one case is bad engineering 
in another. Yet, it is equally true that in an electric plant driven 
by water power the worst possible place to economize is in the 
channels and conduits which bring the water to and away from 
the water-wheels, and in the water-wheels themselves and their 
governors. Dollars saved here are apt to be expensive economy. 

The infinite variety in which natural water powers present 
themselves makes this a difiScult branch of engineering, and 
much is yet to be learned about it. Yet, it is safe to s^y that 
enough is now known about the subject to permit almost any 
naturally good water power to be so developed and utilized that 
the plant driven by it may be as readily controlled and its speed 
maintained as constant as though the driven load were carried by 
first-class steam engines. It should, however, be remembered 
that no matter how well the plant is designed, good speed regula¬ 
tion cannot be obtained unless the water-wheel governors are of 
correct design and well built. The value of a governor is 
measured by two things—the promptness and ease with which 
it will move the water-wheel gates to the correct position and 
stop them when they get there, and its ability to compensate by 
adjustment of the gate for the kinetic energy in the moving 
water column. One might add sensitiveness as a mark of a good 
governor, but nearly all modern governors are very sensitive, 
though most of them sadly lack the other two qualifications named 
above. The best made governors on the market will begin to 
move the water-wheel gates before any tachometer on the market 
will show a change in speed, yet they would not govern if they 
did not know when to stop as well as when to start. 

I have been requested by a number of gentlemen to say some¬ 
thing about fly-wheels. We may approach this subject in the 
following manner:— 

When we wish to find out how much energy is stored^ in a re¬ 
volving fly-wheel we begin by finding its moment of inertia, 
which IS Its weight multiplied by the square of its radius of 
gyration. 

Let J = radius of gyration in feet. 

W = weight in pounds. 

I = moment of inertia. 
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1 = ( 19 ) 

The energy in foot pounds stored in the revolving wheel is as 
follows: 

Let 


g = energy stored in the wheel 


a = angular velocity in radians per second = (20) 


where 

and 

Then 


n = revolutions per minute 


:r = 3.14159 




( 21 ) 


Substituting the value of a we get 


I 


/2 n ttY 

v'W/ 


( 22 ) 


Evolving which we get 


a = 

^ 1800 


(23) 


Which is the form in which the formula is ordinarily used. 

It may be simplitied for 

0 

- z= .00551 is a constant. 

1800 

Substituting this we get (24) 

Is = I X .00551 

But you will note that this expression may be conveniently 
divided into two parts, as follows : 

g = X (i X .00551) 


(25) 
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Wliicli is equivalent to sajing that every fly-wheel possesses a 
certain quantity, which, multiplied by the square of its revolu¬ 
tions per minute, equals the foot pounds of energy stored in it. 
This quantity is its (/ X .00551) which we may symbolize by Jfl 
and we may write 

§ = 91c (26) 

Or, substituting our value of I we may write 

S = 71^ (W X X .00551) (27) 

It is evident that this value of DU which is the energy stored 
in the wheel when making one revolution per minute when once 
found for any particular fly-wheel may be used at once to calcu¬ 
late its energy at any speed, simply by multiplying it by the 
square of its revolutions per minute. 

This value of Dll for the rim of any fly-wheel may be found as 
follows: 

Let 

w = weight in pounds of one cubic foot of the metal of 
which it is made. 

(I ■= outside diameter of rim in feet. 
di = inside diameter of rim in feet, 
f =■ face of rim in feet. 

Then 

_wt {d* — dt) 

-5pIT~ (28) 

But a close enough approximation to the 311 of a cast-iron fly¬ 
wheel of usual shape with light arms may be found as follows : 
Let 

TF = weight of wheel in pounds 
d = mean diameter of rim. 

Then 


= 55;5oo « 

blow the question is how much of a fly-wheel do we require in 
any particular case. Let us return to wheel No. 1 in Fig. 4. 



1899.] 


GARRATT ON WATER POWER 


889 


We remember that when the gate of this wheel was suddenly 
opened wide it was.7 second before the water was doing its full 
amount of work on the runner. We mast also remember that 
the curve 0 — 1 (see Fig. 7) with which the water got up to full 
power was a parabola. The area outside the parabolic line was 
the work which the water did do in this .7 second, and the area 
inside this parabolic line was the wmrk which the water failed to 
do in the same time. From the law of areas of parabolas it fol 
lows that the area inside this curve (which is a half parabola) is 
two-thirds of the area of the rectangle enclosing the curve. Or 
we may say more simply that while the wheel was getting up to 
speed it performed one-third of the work which it would have 
done in the same time had it been working at full gate and full 
speed. 

Let us begin to apply this to the design of a suitable fly-wheel. 
Assume, for simplicity of calculation, that the water wheel is 
about 48" in diameter and at full gate develops 100 h.p. and 
runs at 75 e.p.m. Let us also assume that it must not, upon the 
whole load being instantly thrown on or off, run more than 4 per 
cent, below or above normal. Its minimum speed must be then 


75 - = 

lOU 


72 R.P.M. 


and its maximtim speed must be 


75 + 


75 X 4 
100 


78 R.P.M. 


We must also remember that it was found that we could not 
completely open the gates in less tban two seconds. Therefore, 
supposing that the rate of opening the gate was uniform, the 
average gate opening during the two seconds was only one half, 
and if the wheel during every instant of time had been develop¬ 
ing the full power due to the instantaneous value of gate opening 
it would have developed only one-half as many foot pounds as 
though it had been at full gate for two seconds. Eut we found 
that the power lagged .7 second behind the gate opening, during, 
which time it developed only one-third of the power due to the 
gate opening; hence, for two seconds the wheel developed of 
the power it would have developed during the same time at full 
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gate, and for .7 second more it developed i of full power. Ee- 
dncing this to foot pounds we have 

100 X yo X 2 _ ^gggg pounds. 

100 X 550 X • < - ^2833 foot pounds. 

Adding these we get 31166 foot pounds, which is 

the total energy developed by the water-wheel in 2.7 seconds. 

If working at full gate and maximum flume velocity for that 
length of time it would have developed 

100 X 550 X 2.7 = 110000 foot pounds 

Subtracting from this 31166 “ 


We get 78831 foot pounds, which isthe 

amount of energy which must be developed by the fly-wheel be¬ 
fore its speed is reduced to 72 r.p.m. 

Let us assume that the fly-wheel makes the same number of 
revolutions as the water-wheel. 

Its energy at 78 r.p.m. is 

971 X 75^ = m X 5626 

Its energy at 75 u.p.m. is 


971 X 72- = m X 5184 

Subtracting one from the other we get 441 
The value of is therefore 


_ '^^834 
441 


178 


From the above value of 2)11 should be deducted the 2)11 of the 
water-wheel itself and the other rotating parts such as pulleys 
and armatures. For simplicity of calculation I shall not make 
this deduction in this case, and we will proceed to design a 
fly-wheel of suitable proportions, which shall have an 2)11 value 
numerically equal to 178. 
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As it is to be of cast-iron we will limit its peripheral speed 
to 65 feet per second. 

Let d = its outside diameter in feet. 

p = its peripheral speed in feet per second. 

H z=z revolutions per minute. 

Then 

H 7t 

Applying numerical values we get 


d = 


65 X 60 
78 X 3.14 


15.5 + 


Assume or tlie diameter inside the rim = 14.5 feet 
Transpose formula hlo. 28 so as to get f or the face of the 
wheel in feet. 


X 59814 
w X {d} — dx) 


Apylying numerical values we get 


(30) 


p 178 X 59814 1 / 34 :* -i ti. n • 1 

i = ,, = 1-6 ^eet = 1 ft. 7 m. nearly. 


450 X (15.5“ — 14.5“) 


Our fly-wheel rim is, thei'efore, 15 feet 6 inches outside 
diameter, 6 inches thick, and 1 foot T inches wide on the face, 
and would weigh 16,992 lbs. 

This strikes one as a very large fly-wheel for a 100 h. p. unit, 
but it must be remembered that it is intended to perform very 
severe duty. Moreover, no allowance has been made for the 
kinetic energy in the fly-wheel arms, nor in the water-wheel 
itself and other rotating parts. All of these corrections should 
be made and the proper deduction made from the fly-wheel 
above designed. 

Another correction should also be made which would still 
further reduce the size of the fly-wheel. 

It was assumed that the water-wheel was working at normal 
speed and friction load when the whole load was thrown on. 
Friction load is a part of whole load, and hence when we say we 
throw on whole load, we really mean that we are throwing on 
something less than 100 h. p. Also, at friction load the water 
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ill the flume had some velocity, and hence we did not have to 
start the water from a condition of rest, but from a condition of 
slow velocity. 

To make all these corrections involves a considerable know¬ 
ledge of hydraulics and mechanics. To treat this subject in a 
complete manner, would involve a good many figures, and would 
extend this paper far beyond proper limits. 

It may be noted here that if it is found desirable to change 
the value of 911 of a fly-wheel after it is designed, it is not 
necessary to re-design the wheel. The dimensions of fly-wheels 
are as the fifth roots of their DlL’s. We have found a fly-wheel 
whose 911 = 178. If we now wish to reduce its 911 to 150, we 
write 

5 _ 5 _ 

Vl7S • Vl60 — : diameter 

From which we get 

5 _ 

diameter = Vl50 X 15.5 ^ 

5 _ 

Vm 


or formul arizing it we get 

^ D 

5 _ 

4/011 

Where 

D = diameter of wheel having given 011 
Di = diameter of required wheel 
011 = given value of 011 
0 I 4 = required value of 011 . 


All of the linear dimensions should be treated in the same wav. 
For example: if we have a design of a fly-wheel drawn to a 
scale of one inch to the foot, and in building the wheel we read 
the drawing as though it were one-half inch to the foot, then the 
9ai of the fly-wheel will be 2® = 32 times as large as it would 
have been if the wheel had been built according to the scale of 
one inch to the foot. 
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Where we have a fly-wheel of a given and we know how 
many foot pounds it will be required to give up or absorb, as the 
case may be, we may find the resulting speed by the following 
formula: 


T 


__ \/§ - 


m 


where r = the final revolutions per minute. 

^ = energy in foot pounds stored in wheel at normal 
speed. 

<§i = energy in foot pounds required of the wheel. 

2)11 =: energy in wheel when making one revolution per 
minute. 

The above formula may be more conveniently as follows: 


2)11 


(33) 


where B = normal revolutions per minute. Applying to the 
wheel we have been discussing we have 

r = /\/ (178. X 75'^) — 78,834 ^ 

178. 

which is the minimum revolutions per minute which we first’ 
•agreed upon. 

We have seen that to make even an approximate design of fly¬ 
wheel we have required considerable data to work from, and 
have been obliged to do quite a little figuring, and yet the water¬ 
wheel in question was set in the simplest possible manner. Had 
it been set in a closed flume like wheel Ho. 2, (Fig. 4,) the 
problem would have been greatly complicated. 

In view of these facts, it becomes quite amusing to note the 
alleged accuracy with which statements are often made in regard 
to the exact amount of fly-wheel which is required to give stated 
degrees of speed regulation upon 10^, 25^, 50^, etc., of the load 
being instantlj^ thrown off or on, when it is perfectly evident 
that only part of the data is available which would enable only 
approximate figures to be made. 

The one concluding crumb of comfort which the writer is 
able to offer, is found in the fact that in a very large practice, he 
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has never found it necessary witfi a water-wheel set in an open 
tlnmej to install a fly-wheel in order to obtain a perfectly satis¬ 
factory speed regulation under any operating conditions of an 
electric plant. The various rotating parts of the plant, such as 
water-wheels, armatures, pulleys, etc., have sufficient moment 
of inertia and angular velocity to enable a first-class governor to 
hold the speed within very satisfactory limits under any sudden 
load changes which occur in the actual operation of the plant. 

If the design of the hydraulic part of the plant is bad, it is 
wiser to try and improve it, rather than lean largely on fly-wheel 
effect, which is a weak prop at the best. 


Discussion. 

Mu. Chaeles F. Uopewell:— I would like to ask if the length 
of the draft tubes makes any difference. 

Mu. Gareatt:— As a matter of practical experience I have 
found the more of the head you have above the wheel and the 
less below it the better the regulation you can obtain, for the 
practical reason that when wheel builders don’t make things tight, 
and when the pressure is from the inward outward it simply 
means that a little water leaks out, but when the pressure is the 
other way it means that the air leaks in. The more air you can 
keep out of your pipes the better regulation you will invariably 
get. There is no danger of air getting in above the wheel, but 
very great danger of it getting in below the wheel. So that it is- 
well to put as much of the head above as you can. 

Prof. W. 8. Aldeich: —Almost all of the cases given here 
relate to the reaction or pressure type of wheel. Of course, that 
is the most difficult to govern. The ordinary impulse water 
wheel is most easily controlled. The paper evidently proposes 
to consider only the type of wheels of the reaction or pressure 
kind. In the western states, wheels are being operated under 
very high heads which have brought out characteristic methods 
of speed regulation. Again, methods of regulation such as by 
throttling the discharge, have been adopted for the reaction or 
pressure wheels that are suitable only to that type and to be 
noted particularly in the Niagara plant. But the references in 
the paper relate entirely to methods of regulation affecting the 
flow. 

The views shown on the screen were of a relay type of 
governor, a type not proposed for discussion in the paper, but 
which is coming into more general use for flow regulation of 
low and medium heads on pressure wheels. JRegulating water- 
wheels by controlling the discharge is, of course, more particu¬ 
larly adapted to installations of'the Niagara class; but there 
seems no reason why it should not be successfully employed in 
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similar cases of smaller magnitude. It is a method of regulation 
not taken up in this country to any great extent on account of 
our very different system of manufacturing turbines. The 
iLmeriean method is to carry stock turbines subject to telegraph 
order, particularly in the smaller sizes, and much in the same 
way as steam-engines and dynamos are held in stock. It is, 
therefore, a simpler thing to fit the turbine with a governor con¬ 
trolling the flow of water from the flume, than to make a special 
design of governor adapted to control the discharge. 

With regard to the length of draft tube it is possible to 
employ, I believe they have been used 28 feet long. Twenty- 
four or 25-foot lengths seem thoroughly feasible if there are not 
very great fluctuating loads. 

The matter of unsteadiness or hunting action of these water¬ 
wheels is a very diflicult one to overcome, and I can assure you 
it is not entirely due to the mere question of the governor action 
alone. It has been pointed out, for instance, that in its opera¬ 
tion the governor may be more or less like a pendulum in a con¬ 
dition of unstable equilibrium; unsteady in its operation on the 
gates, producing a variable supply of water not timed with the 
load changes that cause the whole plant to race. The load fluc¬ 
tuations 1 think are more responsible for this hunting or racing 
than almost anything else. 

There are very few governors but will control a slow flow. 
In fact, it is not desirable to have a governor respond too quickly. 
Has any limit been found for the sensitiveness, so to speak, of a 
water-wheel governor in responding to a quick change of load ? 
The question of lag makes the water problem a trying one to the 
engineer. We have made tests which seem to show that it is 
almost impossible to meet simultaneously the changes of load in 
street railway work by any kind of water-wheel governor. The 
steam-engine has been referred to as being capable of almost 
ideal regulation by the nature of the working fluid; yet, in this 
case even, it has been found desirable in some instances so to 
arrange the governor that the low-pressure cylinder of a com¬ 
pound engine at times of very light load may act as a drag on the 
high-pressure cylinder. Similarly, one turbine of a pair may be 
made to act as a brake to prevent sudden fluctuations of the speed 
at very light loads. It is an open question whether it is desirable 
to attempt to have any prime mover regulated for simultaneously 
following the almost instantaneous fluctuations of street railway 
work, unless such result in more or less pei*manent changes of 
load. 

In the sketch, Fig. 8, of a plant arranged with a pair of tur¬ 
bines on horizontal shafts, there is a singular draft tube layout. 
It may be that the very short curved draft tubes were necessary 
owing to some structural arrangements of the design. Those 
draft tubes are, no doubt, made as shown, to meet the require¬ 
ments of a design, which the author has, rather reluctantly it is 
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true, pointed out, as representative of this class of installations. 
We should be careful to look at the matter of draft tubes, for it 
might appear that those shown here are not altogether ideal. 
The conical arrangement below the older types of vertical draft 
tubes has here been done away with, the marked curvature of 
the draft tube itself providing for an easy discharge of the water. 

Me. C. W. iiiCE:~This is a very interesting and valuable 
paper. In most of the water driven plants the question of regu¬ 
lation is of the greatest importance, and there are very few 
]dants in America that have satisfactory regulation. A require¬ 
ment in many plants is economical use of water together with 
good regulation. In many places the reason for the poor regula¬ 
tion has been that restrictions on the use of water have been 
made. I am more familiar with high heads than low heads. 
In some, the heads have been as high as 1,700 feet, coming from 
lakes of small capacity so that the water had to be saved. I 
would like to know the greatest height that has been attempted 
so far, using a stand-pipe as an auxilary to the regulation. 

Me. Gaeeatt:— In the first place the tallest stand pipe which 
has been installed for the purpose of aiding regulation is about 70 
feet. Touching the economy of water by throttling it, I will say 
in the present state of the art it is not feasible to govern tangen¬ 
tial wheels in this way because you can’t keep a standard pressure. 
I am carrying on experiments now which I believe will partially 
rectify that difficulty, but 1 have not experimented sufficiently to 
say exactly what can be done. I hope before another summer 
meeting of the Institute I can point to some plants where it is 
perfectly possible to control the flow of water in a long flume 
without the use of any stand-pipe at all. Ordinary relief valves I 
will say are of no" use. 

In regard to the design of these draft tubes shown in Fig. 8 I 
will say that the old-fashioned draft tube, slightly conical in shape, 
the cone being an inverted or concave paraboloid, is almost ideally 
perfect. But it does not conform to commercial requirements. 
The tail water has got to be thrown right out in one direction. In 
this design here that I showed on the screen, the tail water was 
thrown out directly beneath the floor under each generator. This 
draft tube shown here is far from being ideal, yet it gives the 
water the right direction and starts it off in the direction it should 
go, If you have the room underneath you certainly should not 
use that form of draft tube. 

With regard to the promptness with which water should be 
permitted to enter the wheel when load goes on : it is not my pur¬ 
pose here to criticise other papers on the speed regulation of tur¬ 
bines. I have tried to confine myself to actual practice and not talk 
nbout things which might be different if the Almighty had made 
different natural laws. In my experience I found that the 
quicker you can move the gate, provided you know enough to stop 
it at the right place the better the regulation will be. If the theory 
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of the governor is wrong, the gate may start at the right time even 
though it don’t stop at the right time. But as a matter of prac¬ 
tice it is much more important to sto]) the gate at the right time 
than to start it at the right time. The limit of time in ordinary 
turbine practice is moving a gate from wide open to completely 
shut is two seconds. Though this cannot always be done I can 
point to plants where wheels as large as 72 inches in diameter are 
closed in two seconds. At Niagara Falls the regulation is almost 
identically the same as in another plant 1 can point to where 
the head is only five feet. It makes little difference what the 
height of the water over the wheel is, provided it is directly over 
the wheel. If properly designed, the wheel is intended to take 
water at a certain velocity and if it is designed for five feet it 
should take water at the velocity due to that head, and if two hun¬ 
dred it should take water at the velocity due to that head. In the 
case of Niagara Falls there is nearly two hundred feet head, and 
in another plant just south of there are wheels under five feet 
head. The wheels in both plants are of the same make and the 
regulation is practically the same. If you turn the feed pipe 
down flat you immediately introduce a lag in the water while 
gaining velocity, as I pointed out in my paper. 

Me. Steinmetz: —Thus to resume, the conclusion of the paper 
is, what those of us who have had anything to do with water-wheels 
have well noticed that water-wheels cannot be governed perfectly, 
but the best we can do is to limit the amount of water which has 
to be stopped and started, to a minimum, and to steady the speed 
as much as possible by a fly-wheel. This obviously does not 
apply to the type of high pressure turbine operating at constant 
flow of water by deflecting nozzle. Here, however, the difficulty 
appears how to dispose of the deflected stream since at very Jjigh 
pressure it wears rapidly even through thick east-iron plates. 

More serious still than the momentary change of speed during 
rapid change of load is the liability of oscillation of the speed of 
the water-wheel, even with small changes of load, causing a 
hunting of the governing device, and thus a hunting of all syn¬ 
chronous apparatus and sometimes even rotary induction appar¬ 
atus connected to the circuit, and a hunting of the alternators 
against each other, where several are operated in multiple. 

Suppose the load changes, increasing a few per cent. The 
governor opens the gate wider, the pressure of the water column 
and thus the power decreases, and the governor opens the gate 
still wider until the water column has regained its pressure. 
But now the gates are open too far, the speed rapidly increases 
beyond normal and the governor begins to shut off again. This, 
however, increases the pressure of the water column and thus 
the power, and causes the governor to shut off still furthei’, there¬ 
by ultimately causing the speed to drop and the governor to open 
again and so on. If now the governor is very sensitive and 
quick, the governor will over-reach further than the position it 
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started from and cause an oscillation of speed of increasing 
amplitude, that is hunting, which usually makes the whole sys¬ 
tem inoperative. If, however, the governor is supplied with a 
powerful damping device it acts too slowly for rapid changes of 
load and thereby makes the operation of the system unsatisfac¬ 
tory. A governor is therefore, necessary, which acts very quickly, 
as quick as possible, but does not complete its regulating stroke 
but hesitates and gradually and very slowly settles down into 
the position corresponding to the changed load without over¬ 
reaching it. 

Ae. Gaeeatt:— For reasons which must be obvious I dis¬ 
tinctly said at the beginning of this paper that it was not upon 
water-wheel governors; hence 1 ignored that whole subject. If 
the gentleman wishes 1 can project upon the screen photographs 
of the parts of a governor showing how that action is provided 
for mechanicalh’ with the utmost precision. I intentionally 
avoided that part of the subject. 

De. Bell : — I think this subject is very vital. We have all sor¬ 
rowed over it. But it is afact as a matter of practice that in spite 
of the inherent difficulties of the problem, if the hydraulic con¬ 
ditions are fairly good, it is possible to get a good regulation of 
the water even in cases where the load is a railroad load and badly 
fluctuating at that. I have watched the operation of governors 
and seen railroad plants so operated as to give as good regulation 
as would ordinarily be got from an engine. Of course a governor 
must not hunt. If the governor, belt quick or slow in action, 
follows up too far the changes in the flow of water it will suddenly 
go beyond its proper regulating point and then hunt back and 
forth. ^ As a matter of fact, the process which Mr. Steinraetz 
alluded to, the process of checking the action of the governor a 
a little before the work is completed, is applied systematically in 
at least one governor and it is the key of the situation. If a gov¬ 
ernor is free to hunt, you get bad regulation in nearly every case. 
The more nearly dead-beat the governor is the better the results. 

I don’t think any relief is to be had by saying to yourself if I 
can’t get one per cent, regulation and can get ten i will set my 
governor for ten. The more promptly the governor works and the 
better the arrangement of the hydraulic plant with respect to 
promptness in bringing the water pressure down, the better net 
result will be got on the whole. If you are working with a gov¬ 
ernor which is prone to hunt, which gives bad results—too much 
promptness is not desirable, but that particular governor is one it 
should be our object to suppress, Asa matter of fact the railway 
plants which are driven by water are capable of giving substan¬ 
tially the same regulation as given by the governor of an ordinary 
engine; better results than with some Corliss engines. When it 
comes to dealing with high heads where water is wasted, the 
problem assumes a different form, but after all it is governed by 
the same considerations; you must follow out the fluctuations by 
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the swinging of the nozzles on the buckets and there you are 
liable to encounter hunting unless you are very careful. 

It is, however, a more difficult problem in spite of the enor¬ 
mous water-velocity. As regards the matter of fly-wheels, I am- 
particularly glad to have Dr. Garratt bring a few figures before 
us regarding the utter uselessness of fly-wheels in many cases. 
There are many cases in which you can store power, but I find ad¬ 
vantageous cases are comparatively few. A little fly-wheel 
capacity is all right of course, but as to putting on fifteen or 
twenty tons of metal and the hearings to support them, simply 
for the purpose of enabling you to use bad hydraulic designs wid 
bad regulating governors,_if is to my mind a waste of good material 
and money. And that is continually done. As 1 go around 
through the electric plants driven by water-wheels I am bound 
to say there is more bad design in regard to the hydraulic plant, 
than good design. These facts that Dr. Garratt exhibits regard¬ 
ing the relation of hydraulic design to the possibility of governing 
are not generally understood, and the feeling generally is: “Well 
this is a pretty good hydraulic plant and we have got what we 
think is a pretty good governor, if it doesn’t work well, put on a 
fly-wheel.” And the worse the design the bigger the fly-wheel. 

The more directly you can get the water at the wheel the more 
quickly you can work your governor gates, the better generally the 
net result will be, and as regards the matter of quickness, I think 
the figures shown ought to convey to us a lesson. 1 should sup¬ 
pose off-hand that no human being in his sound senses would un¬ 
dertake to make an apparatus which required regulation with the 
maximum possible amount of • over-balance. But over-balance 
seemed to be a virtue in the mind of the man that made that 
wheel. With respect to these high-head wheels I should like to 
throw out an inquiry , into the air, merely to awaken the interest 
as to why we do not use in this country the impulse turbines. 
That type of wheel is almost unknown here. All the turbines we 
have with very few exceptions are pressure turbines such as have 
been shown on the screen. The impulse turbine is comparatively 
easy to govern and it does save water. Why in the world that 
form of wheel is not used in this country, particularly on the mid¬ 
heads where it gives a convenient comlnnation of power and speed, 
I don’t understand. On one or two occasions I have raised in¬ 
quiry regarding these impulse turbines and I have regularly met 
the pleasing information that they are not to the obtained in this 
country except I think from one small concern on the Pacific coast. 
Abroad they are used very extensively and some firms make 
almost a specialty of the impulse type of turbine. 1 think this 
is a subject that ought to be looked up in the interest of an 
economic use of water. 

Peof. Goldsboeough : — There is an element of skill which 
enters into the economical handling of these plants which 
Jhas a very marked bearing upon the success that at- 
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tends them. Our attention has been called to one or two- 
plants during the discussion, in which regulation is seemed 
to the perfect satisfaction of their directors and as long as- 
these plants are operated and controlled by men who understand 
them I have no doubt that they will continue to give every satis- 
faction. There is nothing more pleasing than to learn that in 
the west we have such plants as the Cottonwood and the Pioneer,, 
located some thirty miles distant from one another, operating in 
synchronism in what seems to be a perfectly satisfactory man¬ 
ner. I understand that tlie engineers in charge are even sanguine 
of being able to operate a two-phase plant in synchronism with 
the two three-phase plants, by converting the two-phase currents 
to three-phase through the medium of transformers. In con¬ 
nection with the Minneapolis plant, I am not sure that its regu¬ 
lation always comes up to the expectations of the designers. I 
have understood, for instance, that at times, when the skill used 
in controlling the plant is possibly not the hest, the results are 
somewhat disastrous. In other words there is a surging between 
generators located in the same station, and this at times is_ so- 
serious that it extends through to the city sub-generating-station 
and the distributing system and caus^es more or less prolonged inter¬ 
ruption of the street railway traffic. It seems to me, then, that 
even though the water-wheel governor be of very fine design, 
very sensitive and perfectly capable of taking care of ordinary 
conditions, if through bad management of the electricM machinery 
uncalled for conditions are imposed upon the plant, oscillations may 
be set up which result in placing the water-wheel governor at a 
decided disadvantage. You will all agree that in plants of this 
character, a number of which I know of in the westj in the in¬ 
terests of economy, there should be the requisite skill employed 
bv the owners to the end of having them properly con¬ 
trolled from day to day, instead of simply employing talent 
to put them in shape and then removing the brains and expect¬ 
ing the plants to operate in a satisfactory manner. Many of 
us know of such instances, but fortunately they are growing- 
fewer every day. 

Me. C. W. Kioe:— Professor Groldsborough speaks of an in¬ 
teresting experiment that will probably be made on the plants- 
in Utah, the Utah Power Oo., the Pioneer and the Big Ootton- 
■wood. Each of these plants have very long pipes leading from 
the reservoirs to the wheels. Therefore they correspond to the 
cut, Eigure Ho. 2. The pipe at the Pioneer plant is 6 feet, 
in diameter and considerably over a thousand feet long. It. 
has relief valves on the pipe near the water power station. 
There they have the impulse type of wheel. The Utah Co. and 
the Big Cottonwood have the Pelton wheel, the latter com¬ 
pany employing the deflecting, nozzle and the Utah Co. em¬ 
ploying the shaded nozzle. They have a fly-wheel in the Utah 
Co.’s plant, so it will be interesting to see these three stations,, 
considerably over thirty miles apart, operating synchrononsly. 
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Mr. H. A\'ard Leonari): A ^reat many plants may liave the 
necessity of a certain amount of steam in conjunction with them. 
Sometimes for heating purposes, sometimes as an auxiliary to the 
water power, and in that connection I can say that a good 
many years ago, between 188B and 1889, I installed a great 
many plants where water power was in use and where a cer¬ 
tain amount of steam was used as an auxiliary. As a means 
of overcoming this trouble of the governor, which has been 
discussed, I resorted to keeping the steam engines in opera¬ 
tion, driving upon the same shaft as the water-wheels, and the 
cut-off of the engine governor was kept so adjusted that the 
steam consumption was practically that of friction load. The 
gates of the water-wheel were operated by hand, and the gov¬ 
ernor of the steam engine supplied the governor for the en¬ 
tire equipment, in case of a sudden load the engine would 
instantly assume the additional work required, and in ease the 
load was thrown off, the engine would act as a brake on the 
system. And in places where during the mnter months heating 
the station is required, you practically use no more steam than 
would be needed for heating. 

Me. W. J. Hammer : — In connection with this subject I think 
it would be interesting to hear of an experiment tried in 1888 in 
Florida, this being I belieye the first experiment made in using 
water fl.owing direct from an artesian well for power purposes. 
I had the pleasure in connection with Mr. John liennish of put¬ 
ting in a hydraulic plant in which a turbine was placed directly 
over an artesian well and which drove a belt-driven dynamo. 
There was no governor whatsoever placed on the turbine and the 
power was so steady that the candle-power of the incandescent 
lamps scarcely varied in the slightest degree, and while this was 
but a small plant supplying as I recollect it, 88 J 6-o. p. lamps, 
it had somepnteresting features. The entire wiring system of the 
hotel which supplied about 8,000 16-o. p. lamps was connected to 
this dynamo at times, and as this hotel was not supplied with any 
gas or other illuminant, during the following summer when the 
hotel was practically closed up, and in the hands of watchmen 
and caretakers, lamps could be turned on anywhere in this 
entire system and supplied from this water power plant. ^ The 
plant was also used for supplying a large garden fete held in the 
grounds of the Ponce de Leon hotel shortly after its erection. 
I understand there is a plant working quite successfully in 
Florida supplied with power taken directly from artesian wells 
and there is one in the west. But the experiment I refer to 
was I believe the first one ever tried in this direction and it 
certainly worked with remarkable success, though at the time 
it was installed it was stated to be an impossibility by various 
engineers whose opinions had been asked. Those who are 
familiar with this section of Florida know that any amount of 
water under considerable head is encountered in drilling ar- 
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tesian wells. Geologists claim that this water has its source a 
thousand miles or more away. I don’t think this little plant 
has ever been referred to in public print, and I thought it 
wotild possibly be of interest to bring it up at this point. 


[CoMMUXICATED AFTEE AbJOUENIVIENT BY S. L. G. KxOX.] 

Dr. Garratt’s paper is an excellent presentation of the subject 
of water-wheel speed regulation, but there are one or two points 
on which I would take exception to tlie author’s deductions. 

Ill formula (13) the expression V = 8.025 Vli is given as 
representing the velocity with which water should enter the 
wheel. In the next paragraph reference is made to water fric¬ 
tion as the only factor modifying the above. Agreeing that this 
factor would not notably affect results of calculationSj I consider 
the statement misleading. Only in case the turbine under con¬ 
sideration were an impulse wheel would the above formula 
be even approximately correct. As there are few impulse wheels 
built in this country except Pelton wheels, and as the whole 
paper evidently refers to the ordinary turbine plant for generat¬ 
ing electric power—almost invariably reaction turbines—it would 
seem that deductions based on conditions non-existent in the 
type of wheels used in American plants would be misleading. 
In the ordinary American reaction turbine, the velocity of the 
water would be much less than the speed given by the above 
formula, and this difference, carried through the calculations, 
would be found to profoundly influence the results obtained. 

But even assuming that the above point need not be con¬ 
sidered, or that impulse wheels, in which the water does leave 
the guides at approximately spouting velocity, are under consid¬ 
eration, the subsequent reasoning seems to be incorrect. Follow¬ 
ing the author’s calculations on pages 3'74 and 375, we would be 
forced to conclude that the time required for the long column of 
water to get up suflScient speed to supply any new demand from 
the wdieel for more power would be the time required for the 
same column of water to get up spouting velocity from a 
state of rest if the end of the feeder were open. That is, if the 
water in the pipe were flowing at say two feet a second, and a 
sudden opening of the wheel gate c'alled for a supply of water 
such that a speed of three feet per second in the main feeder 
would be necessary, it would take, in the given instance, 23.3 sec¬ 
onds for this new velocity to be attained. ISTow in no case, except 
that of a sudden change from no load to full load, would any¬ 
thing like 23 seconds be required for the column to get up the 
needed velocity. As specifications for the governing' of water 
power plants rarely call for close regulation for a change of more 
than half load, the time required to accelerate the column in 
case of a change of full load need scarcely be considered, and in 
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any eyent sliould not be considered as representing time required 
for any change. 

Let us take a case in which it is desired to go from no load to 
half load instantly, and determine the time required before the 
water can supply the required energy. For purposes of com¬ 
parison, let us take the same data as that given in the paper, for 
the wheel with 300 feet of feeder. In the first place, no ques¬ 
tion of^ regulation enters in unless the wheel is already running 
—that is, the wheel must be supposed to be revolving at normal 
speed, but only under friction load, when the sudden demand 
for power comes upon it. It is not likely that the friction load 
of wheels, shafts and generator, besides stuffing box friction, 
will amount to less than 8 per cent, of the full load. We must 
also remember that when the wheel is being called upon for 
only 8 per cent, of its power it is invariabl}^ working at a very 
low efficiency—certainly not over 25^. Thkt would mean that 
the water passing through the wheel is four times 8^, or 32%, of 
that theoretically required to run wheel at full load. As the 
full load efficiency will be say 80^, the water required at full 
load will be 125% of the theoretical. At 8% load, therefore, the 
wheel will be taking 32/125=25^% of the water required at 
full load. Assuming half load efficiency to be 65%—the water 
required would be 61% of full load water consumption. 

We therefore have the following conditions. Water is flow¬ 
ing through the wheel to the amount of 25% of that required to 
give full power, and a sudden demand is made for 61% of the 
same amount. Let us assume, as does the author of the paper, 
that the water enters the wheel at spouting velocity. The gate 
now opens, and, the feeder being unable to instantly supply 
more water, the 25% of normal flows through an opening larger 
in the proportion of than that through which it flowed when 
it had spouting velocity. It hence immediately takes a velocity 
=lf spouting velocity, for it certainly will fill all the open¬ 
ing presented by the gate. We therefore, in the case of half 
load going on, have instantly the condition of water flowing 
through the wheel at |-f- of spouting velocity, and hence only the 
difference, or l-f- of spouting velocity has to be given to the 
water by the action of gravity on the water in the flume. Tak¬ 
ing 23.3 seconds as the time necessary to give full spouting 
23 3 X 36 I o 

velocity —I—-= 14 seconds, would be the time needed. 

61 

This is very much less than the 23.3 seconds that would be 
needed if the methods of calculation given by Dr. Garratt were 
followed. 

The preceding argument assumes that the gate is quickly 
opened to the exact place required for half power, and left there. 
As a matter of fact, however, a modern water-wheel governor, 
under the above conditions, would open the gate as far as it 
would go, and later close it. We would then have a somewhat 
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different condition. Tiie water flowing when load came on 
would drop to 25^^ of spouting velocity, for gate would open to 
100/251 times its original amount. _ _ ^ 

As the normal speed of the turbine would be only about 50/ 
of the speed at which it would run with gate wide open and no 
load on the wheel, it is evident that the large volume of water 
which would flow with gate wide open would not have to flow at 
spouting velocitv in order to give the same power to the wheel 
which fil/ of tfie same cross sectional area of water would give 
when flowing at spouting velocity. That is to saj^, with gate 
wide open, wheel would give half normal power at normal speed 
under considerably less than normal head, the wheel of course 
in this case running at more than 50^ of the free speed corres¬ 
ponding to the lower head and hence at less than best efficiency. 
We can assume that under conditions outlined above, water 
would not have to attain a velocity more than '10% of normal 
spouting, to enable wheel to furnish 50/ of normal power. 

Before being able to supply the one-half of normal power re¬ 
quired, therefore, the water in the flume would, under the ac¬ 
tion of gravitv, have to accelerate from to ^inr = of 
spouting velocity, requiring of 23.3 = 10.4 seconds, or less 
than one-half time deduced by methods given in the paper. 

It can easily be shown that the change from no load to half 
load is a much more severe condition than from half load to full 
load. In the latter case we have water flowing, and sud¬ 
denly open gate to thus reducing velocity to yVtr, of spout¬ 
ing. "We thus have only to accelerate water of spouting 

° S 89 A ■■ 

velocity requiring .£— - = 9.1 seconds. As, nowever, 

most modern turbine installations have some margin of power 
in the wheels, the governor will in the case of full power de¬ 
mand, open the gate wider than is required to sustain the power, 
and the time of acceleration will be correspondingly shortened, 
as was shown in the case of half-power. 

Had the usual case of reaction wheels been considered, where 
the water never attains, normally, anything like spouting velo¬ 
city in entering the wheels, the "time in seconds necessary for 
the feeder water to accelerate would have been shortened still 
more—say to two-thirds of the values deduced—6 seconds, as 
against 23 in the paper. These values, we also believe, will 
much more nearly coincide with experience than those deduced 
in the paper. Plants which by the methods of the paper would 
figure out even more than the one given, are by no means un¬ 
common, yet the insurmountable difficulties of governing, such 
as the necessity of finding some source of stored power other than 
the water to keep wheels up to speed for 23 seconds are not met 
with, for the wheels do govern under changes of 60% load, and 
that with fly-wheels not carrying sufficient energy to tide over 
more than a very few seconds without losing more than the 
allowable speed. 
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The author of the paper also refers to the use of stand pipes, 
and to the lack of sufficient practical experience to determine 
the least diameter which will result in any desired degree of 
speed regulation. 

I am of opinion that this matter of stand pipes is subject to 
calculation, and, having recently been over the ground in an ex¬ 
ceedingly interesting case would be glad to discuss the matter 
with some detail. The subject is too large to attempt here, and 
will be taken uj) later. 

Dayton, 0., Sept. 11, 1899. 


The Chairman : Is there any further discussion upon the 
paper ? If not, we will proceed to the next paper upon the pro¬ 
gramme which is The Protection of Secondary Circuits from 
Tire Kisks,’’ by Dr. Hutchinson. 

Dr. Hutchinson read the following paper: 




^ paper presented at the Sixteenth '‘Ge7ieral Meet- 
ing of the Anierican Institute of Electrical 
Engineers, Eoston, June 27th, iSgg, Preside^it 
Ke7i7telly i7i the Chair. 


THE PEOTEOTION OF SECONDARY CIRCUITS FROM 

FIRE RISKS. 


BY CAEY T. HUTCHINSON. 


The best protection of secondary circuits from the dangerous 
consequences of an abnormal potential in these circuits, has long 
been the subject of discussion. In the early days when the 
house-to-house transformer system was general, many fires were 
caused by the failure of the insulation between the primary and 
secondary coils ofitransformers; this was then the chief cause of 
such accidents. No secondary distributing networks were then 
used, and consequently fires following a failure of insulation 
were confined to the circuits from the single transformer; it was 
unusual for a wide-spread fire to occur, and public attention was 
not as strongly directed to the matter as it has been of late. 

In the last few years the use of alternating current systems 
has increased greatly; individual transformer systems have been 
replaced in many places by the use of banked’' or ‘'grouped” 
transformers, with secondaries feeding a low-pressure distribut¬ 
ing network. Such systems are now in operation in many places 
in the country, and their number is increasing. The secondary 
distributing networks may be of two^ three, or more wires, the 
latter for two or three-phase systems. The secondary circuits in 
all such systems are directly liable to the incursion of the high 
primary pressure through the failure of the insulation at some 
point. 

In addition to alternating current systems, there is another 
class of distributing systems subject to the same dangers—sys¬ 
tems in which transformation is made from high to low pressure 
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alternating current, and thence by means of synchronous con¬ 
verters to low-pressure direct current for distribution. The use 
of such systems is gi’owing rapidly; many of the Edison illum¬ 
inating companies are already employing it, and it is a safe pre¬ 
diction that all the large companies will be obliged to adopt 
methods of this character in the near future. 

Such a system has precisely the same conditions of insulation 
between the low^-pressure direct current distributing mains, and 
the high-pressure alternating current feeders, as a plain alternating 
current system, since the low-pressure side of the alternating cur¬ 
rent supply is connected metallically to the armature of the syn¬ 
chronous converter which feeds the low-pressure direct current 
distributing system. In a word, there is only one insulation be¬ 
tween high-pressure alternating current feeders and the low- 
pressure direct current network ; hence such a system is liable to 
precisely the same risks as is the straight alternating current sys¬ 
tem. 

There are a number of ways in which the high-pressure altei’- 
nating potential can get to the secondary system. The most ob¬ 
vious is the failure of the insulation between the primary and 
secondary coils of the transformer; another is the contact of the 
high-pressure feeder and the low-pressure distributing main which 
may run on the same pole line, or in the same conduits under¬ 
ground. Wires that in ordinary circumstances seem to be secured 
beyond the possibility of contact may be brought into contact 
through unusual conditions, as in a heavy storm, or by foreign 
wires falling across them. 

The effect of the failure of insulation, however caused, de¬ 
pends upon the condition of the secondary system. A brief 
statement of the various possible consequences may help to 
make the matter clear. 

Any circuit, overhead or underground, carrying alternating 
currents, is a condenser, of which the capacity depends upon the 
point of view. In an overhead circuit, there is a certain capacity 
between the two wires, considered perfectly insulated, each as 
the plate of a condenser; there is also the capacity of each of 
these wires referred to earth, each wire being regarded as one 
plate of a condenser, and the earth as the other plate. The 
capacity in the first ease fixes the difference of potential be¬ 
tween the two wires for a given charge, or conversely for a 
given difference of potential between the wires fixes the charge. 



1899.] 


OF SECONDARY CIRCUITS. 


409 


The capacity in the second case—that is, regarding the earth 
as one plate of the condenser, iixes the potential of the wire 
above or below that of the earth for a given charge, or con- 
Tersely. The capacity in these two cases need not have the 
same numerical value. 

The same general considerations hold in the case of under¬ 
ground conductors; there is the capacity between wires deter¬ 
mining the difference of potential between the wures, and the 
capacity of each wire and earth, determining the difference of 
potential between that wire and earth. The difference of po¬ 
tential between wires of a circuit transmitting energy is fixed, 
and the capacity is determined by the dimensions of the circuit, 
hence the charging' current is fixed. This charging current is 
the current on the system when no energy is transmitted and 
there is no leakage. 

Calling Vi and F 2 potentials above and below the earth 
respectively of the two wires, and 0^ and their capacities, the 
equation 

V, c\ 

will hold in all cases. If one wire is connected to s^round. that 
is, if capacity Ci becomes infinite, the potential Fj becomes zero. 
Under ordinary circumstances, the capacities of the two wires are 
substantially the same, and the potentials, so far as determined 
by the capacities, are equal and of opposite sign with respect to 
the earth. 

Leakage over the insulators to earth has a similar effect, tend¬ 
ing to fix a relation between the potentials of the two wires 
and the earth; that is, it tends to maintain the potential of the 
two wires at a certain value above or below the earth, but 
in no way affecting the difference of potential between the two 
wires. 

Calling the conductance of the two leakage paths to ground 
•Gi and the equation 

F, G, 

holds, and if G^ is made infinite, or one side is grounded, the po¬ 
tential of that side becomes equal to the potential of earth. If the 
conductance of the leakage paths on the two sides of the circuit 
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is the same, the potentials tend to become equal and opposite 
with respect to the earth. 

The resultant effect of leakage currents and of the static capa¬ 
city of the overhead system tends to cause the potential of the 
two wires to become more or less approximately equal and of 
opposite sign with respect to the earth when the circuits are 
symmetrical and insulated. In a circuit having a difference of 
potential of 2000 volts, the difference of potential between either 
wire and the earth is 1000 . 

The primary circuit then forms a condenser; any insulated 
conducting body in contact with either of the primary conduc¬ 
tors, becomes a part of that conductor, and therefore part of one 
plate of the condenser, and at once acquires the potential of the 
wire with which it is in contact 5 that is, if an insulated secondary 
system is by any means brought in contact with an insulated 
primary system in which the potential difference is 2000 voltSy 
this secondary system at once acquires a potential of 1000 volts 
above the earth. If the secondary system in addition has an 
electromotive force acting in its own circuit, then the difference 
of potential between this secondary circuit and the ground is 
increased or diminished by the voltage of its own circuit; in the 
extreme case, a difference of potential of 1000 volts plus the volt¬ 
age of the secondary circuit, (say 100 volts) would exist, or, in 
all, 1100 volts between one side of the secondary circuit* and 
ground; between the other side and ground the difference of po¬ 
tential would be 1000 volts. It is important to note that this 
difference of potential exists when the primary circuit is insu¬ 
lated. While this is true, it is also true that no current other 
than the charging and leakage current of the system can pass 
through the secondary system unless the primary system is 
grounded on the side opposite to that making contact with the 
secondary system. The charging current of the condenser will 
be practically inappreciable in all cases. For instance, at a fre¬ 
quency of 60 cycles per second, with a primary pressure of 2000 
volts, the charging current is only three-fourths of an ampere 
for each microfarad capacity of the primary system. As the 
capacity of the primary system will probably be a fraction of a 
microfarad, it is clear that the passage of this current through 
the secondary system cannot possibly be the direct cause of 
danger. 

The danger then lies, not in the application of an abnormal 
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pressure to a well insulated secondary system, but in such appli¬ 
cation to a secondary system where the insulation is too weak to 
stand the stress brought’ upon it. In ordinary house wiring 
systems designed for, say, 110 volts, the application of 1000 volts 
may or may not break down the insulation from ground, depend¬ 
ing upon the care with which the work was done and the 
goodness of the materials used. If the insulation of the secondary 
system from ground breaks at only one point, and if the break is 
of such a character as to dead ground the secondary, then the 
abnormal pressure is at once relieved; the maximum potential 
above the earth that can exist on the secondary system as soon as 
this ground is formed, is the voltage of the secondary system.; 
the moment the ground is formed, the danger is removed,— 
abnormal current cannot flow and consequently no fire can begin. 

Assume, however, that the insulation of the secondary system 
is broken down at two or more points on opposite sides. Jn this 
case, a short-circuit is formed of resistance varying between zero 
and some higher value. The electromotive force acting in the 
secondary circuit, either alternating or direct, sends current 
around this short-circuit, in amount depending upon the resis¬ 
tance of the short-circuit. The current continues to flow until 
the grounds are entirely removed, or until the circuit is isolated, 
by fire or otherwise, from the source of supply. This abnormal 
current flowing around the short-circuit causes the fires; at every 
point where the current flows to ground, more or less energy is 
liberated in the form of heat, and fires will occur if local circum¬ 
stances are fav'orable. The application of an abnormal pressure 
to the secondary system, in all probability will break down the 
insulation of the secondary system at several places, and these 
places will be distributed between two sides of the secondary 
system, as a matter of probability. 

If the primary circuit is grounded on one -side, and contact is 
made between the grounded side and the secondary, no harmful 
consequences.can follow. If contact, however, is made between 
the insulated side and the secondary system, the full difference of 
potential of the primary will, exist between the secondary and 
the ground,’—that is, twice the difference of potential that existed 
in the case of the insulated primary. To all intents and 
purposes, the difference in effects caused by grounding one side 
of the primary circuit, will not be material. One-half of the 
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difference of potential of the primary circuit will probably be as 
effective as tlie whole. 

Although alternating current electric lighting systems have 
been in use in this country for a number of years, no definite 
practice has been followed for the protection of secondary 
circuits. The chief improvements that have been made 
in the art, have been in the character of the insulation 
between the primary and secondary coils of the transformer. 
After careful investigation as to the present practice here, 1 am 
in a position to say that in practically no case is any device 
regularly used to protect secondary circuits against abnormal 
pressure. A number of station managers have attempted to use, 
and in a few cases have used, devices such as I am about to 
describe, for a short time. The outcome of all such work has 
been, in general, unsatisfactory. The need of some effective 
method for protecting secondary circuits is well recognized, yet 
there is at present probably no device for the purpose that is 
thoroughly trustworthy and efficient in all circumstances. 

The means that have been employed for this object, may be 
classified generally under three heads,— 

Ist.-Devices intended to ground, short-circuit or open-circuit 
the secondary circuit when subjected to an abnormal difference 
of potential. 

2nd.-Grounded metallic shields interposed between the pri¬ 
mary and secondary coils of the transformer. 

3rd.—Permanent grounding of the secondary system. 

Under the first class are the Cardew earthing device, in which 
a flexible metal strip is attracted to a fixed ground plate by the 
action of the abnormal potential, thus grounding one or both 
sides of the system; the Thomson film cut-out, in which an 
insulating film designed to withstand the working pressure, but 
to puncture at an abnormal pressure, is connected on one or both 
sides of the circuit between two plates, one connected to the 
conductor, the other to earth; the Stanley automatic circuit 
breaker, in which a flexible metal plate is attracted by the 
abnormal pressure to a fixed plate, thereby closing a local circuit 
through a solenoid, which acts to open the main switch on the 
secondary circuit; and others of similar character. 

These devices all have one fundamental weakness,—they do 
not prevent the existence of the abnormal potential, but merely 
aim to remove it quickly; they all require time to act,—the 
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secondary system acquires the abnormal potential at all points at 
the same instant, and there is no certainty that the insulation of 
the circuit, say at a combination lixture, may not give way before 
the device acts. Further, those that act to ground and to short- 
circuit the secondary, depend upon the blowing of fuses before 
the cause of danger is removed; those that disconnect are subject 
to all the criticisms brought against high-voltage quick-acting 
switches,—in particular, the maintenance of the arc. 

I believe that all devices under this class are, at best, temporary 
makeshifts. 

The grounded shield is obnoxious to various criticisms,—it is 
not effectual with a cross outside of the transformer, and there¬ 
fore is of no value in many cases; it must be heavy enough to 
dissipate the energy of the short-circuited primary quickly; 
otherwise it melts and is itself the cause of a fire; it degrades the 
transformer, tending to cause unsatisfactory service, particularly 
in the regulation. 

The third method, grounding the secondary permanently, is 
the only sure way to prevent the potential above earth 
of the secondary system rising above the voltage of the circuit. 
With a system grounded on one side, the maximum difference of 
potential that can exist between any point of this system and 
earth under any circumstances, is the voltage of that circuit. ISTo 
cross nor any failure of insulation of the primary or secondary 
circuits, can raise the difference of potential between the secon¬ 
dary circuit and ground above this. That side of a primary 
circuit touching a grounded secondary circuit, at once acquires 
the potential of the ground or a potential differing from that of 
the ground by the voltage of the secondary circuit. The 
grounding of the secondary circuit thus absolutely ensures the 
safety of the circuit as regards abnormal pressures; it makes 
permanent the condition that the various protective devices seek 
to establish,—devices that may or may not work, depending on 
many conditions. 

It would seem that a remedy as simple as this,—one generally 
applicable,—would have been applied in all cases; but the fact 
is that it has attained a limited use only. The reason for this 
state of affairs is the refusal of the Board of Fire Underwriters 
to authorize the practice of grounding any part of a circuit 
carrying current. The underwriters take the position that to 
ground one side of a circuit brings about an increased liability to 
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fire because the full voltage of tlie circuit coutinually acts upon 
tfie'insulatiou of the circuit, instead of one-half of this voltage, 
as in an insulated svstem, and because one accidental ground on the 
insulated side ma/cause a fire. The danger with grounded circuit is 
said to be increased by the fact that the ful voltage of the 
circuit instead of one-half, acts upon the insulation of the m- 
snlated side This argument implies two things: first, that in¬ 
sulation good enough to withstand half the voltage of the circuit 
is not good enough to withstand the full voltage of the circuit; 
or that danger would be materially increased by having the full 
voltage of the circuit on the insulation, instead of one-half. This 
is coirtradicted bv the fact that the underwriters’ rules class all 
circuits having a difference of potential of 300 volts or kss as 
low potential, to which the same rule applies. That is, m the 
case of an insulated 110-volt circuit, which means 55 volts on 
the insulation of each side, the same rules hold as in the case 
of 220 volt circuits, with 110 volts on the insulation of each 

si(ji 

Tf the 110-volt circuit had one side grounded, there would 
then be 110 volts on the insulation of the ungrounded side. 
It is t’-iie that the classification ostensibly permits only 150 volts 
on the insulation of one side of the circuit; hence, if one side 
of a 220-volt circuit is grounded, the stress brought upon the 
insulation is greater than is seemingly permitted ; but as a 
matter of fact, the factor of safety in work of this kind is 
much greater than called for by this slight difference. There is 
no doubt that a wiring system properly installed in accordance 
with the rules laid down by the underwriters, is perfectly safe 
with 300 volts on the insulation on one side, and practically 
speaking, it is just as safe with 300 as with 150 volts; if the for¬ 
mer would cause trouble so would the latter. 1 have assumed 
that one conductor of a two-wire system is grounded. If the 
middle point of the secondary coil of transformer be grounded 
instead of one wire, then the stress on the insulation is in all 
cases one-half of the voltage of the circuit, precisely as in the 
case of the grounding of the neutral of a three-wire system, men¬ 
tioned below. . 

The main objection brought against grounding is, however, 

not the increased stress brought to bear upon the insulation, 
but the fact that only one additional ground is required to 
establish conditions favoring a fire. The argument is, that the 
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simultaneous existence of two grounds on the opposite sides of 
tile circuit is less probable than the occurrence of a single 
ground on the insulated side of a grounded circuit. ^ 

I do not consider these arguments strong for several reasons. 
In the first place, they imply that an indefinite condition as 
regards the insulation of the circuit is preferable to a clean- 
cut, definite condition. Circuits supposably insulated mav or 
may not really be so, and as a matter of fact the full stress may 
be, and frequently is, on one side of the circuit ^ the very condi¬ 
tion that the underwriters refuse to sanction is continually oc¬ 
curring without such sanction. 

The Association of Edison Illuminating Companies has had a 
Committee on Grrouiiding the Neutral since 1890. The recom¬ 
mendations of this Committee being based on extensive experi¬ 
ence are entitled to great weight. Their recommendations have 
uniformly been that the greatest safety was assured by the prac¬ 
tice of grounding the neutral. This is the practice of nearly all 
the large Edison companies, as is well known. In some cases, 
the companies have been forced to this position because they 
were not able to free the neutral from grounds; in other cases 
they have deliberately adopted this as the best remedy for many 
troubles due to operation, to dangers from fire, and to abnormal 
pressures. 

This Committee has claimed at all times that grounding the 
neutral has the advantage of ‘‘Reduced fire risk, since a ground 
created inside a building will, if on the neutral conductor, be in 
no danger, while if on the outside conductor, it will probably 
fuse a safety catch, or do all the damage of which it is capable 
at once, and not remain inactive until the appearance of a subse¬ 
quent ground on the opposite side of the system, at a time, per¬ 
haps, when no person may be at home.” 

“Also, that the electrical pressure capable of causing damage 
by reason of any ground established, either in tubes or in build¬ 
ings, is limited to 120 volts, whereas the active pressure might 
otherwise be 240 volts; and for overhead circuits greater im¬ 
munity from lightning.” 

The disadvantages reported by this Committee are possible 
troubles in operation, particularly in regulation and excessive 
registration on the meters, but no increased risks are foreseen. 
The Committee has made its reports in face of the fact that 
the underwriters have uniformly refused to countenance the 
practice. 

It is a notorious fact that the systems in nearly all of the large 
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cities, particularly the Edison systems, are grounded, the neutrals 
in most cases being permanently grounded at the junction boxes. 
It is equally well known that in several of the large alternating 
current distributing systems, the neutral wires are grounded. 
The authorities of the Board of Underwriters certainly should, 
and probably do, know these facts. To keep rules in print 
prohibiting such practice under the circumstances, must weaken 
their authority, and lessen tlie respect for all their rules. 

The rule against grounding the circuit is not the only one that 
is continually violated, and by inference with the knowledge of 
the Board of Underwriters. The second is that which calls for 
double insulation between primary circuits carrying 6,000 volts 
or more, and secondary house-wiring systems. I protested against 
this rule when it was promulgated, citing cases where it was vio¬ 
lated at that time, and saying that it would without doubt con¬ 
tinue to be violated. It is violated in every large city employing 
alternating current distribution with synchronous converters feed¬ 
ing a direct-current distributing system, as for instance, in 
Brooklyn, Hew York and Boston, not to go further. Such a 
rule is vicious in its tendences, and should unquestionably be 
modified. 

In this discussion alternating and direct-current systems are 
considered subject to the same risks; this is the case now in the 
large cities where synchronous converters are used; but in any 
event, the arguments outlined will apply to any system subject to 
an abnormal potential, whatever may be the cause. 

This is a matter that concerns every electrical manufacturing 
company and engineer in the country; this Institute has recent¬ 
ly taken part in the formation and modification of rules govern¬ 
ing electric installations and has endorsed the Hational Electrical 
Code. Therefore, it is entirely in the province of this body to 
make recommendations as forcibly as it may see fit to the Board 
of Underwriters. I therefore offer the following resolution : 

BesoUedy that the American Institute of Electrioau Eng-in- 
EERS favors a rule permitting the grounding of one wire of every 
low potential consumption system. 

Besohed^ that the Committee of the American Institute of 
Electrical Engineers on the Hational Electrical Code is hereby 
requested to confer with the Electrical Committee of the Under¬ 
writers^ National Eleetrio Association in relation to recom¬ 
mending to the National ^ Board of Fire Underwriters the 
passage of a rule permitting or requiring the permanent ground¬ 
ing of one wire of such systems, under suitable restrictions. 
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Refiol^ed^ tliat they also confer witli the same committee in 
regard to recommending to the National Board of Fire Under¬ 
writers some modification of Knle 39 of the Code in relation to 
the installation of secondary wires when the primary wires carry 
a current of over 3500 volts potential. 


Discussion. 

Puop. Elihu Thomson :—I think it proper I should lead off 
in this discussion. In this connection I wish to offer a moder¬ 
ate criticism as to the use of my name in regard onl}^ to the 
film cut-out. The fact is my name should be used if at all on 
the three devices together, as- there appear in patents of the 
United States back about fifteen years ago, the grounded 
secondary and grounded shield, and the devices which respond 
to high potential, and work cutoffs. These arose from a feel¬ 
ing 1 had that no system could be considered lit for use, 
unless it had some such device. In fact, if the files of corres¬ 
pondence in our records could be looked up it would be found 
that upon every occasion that arose I took the opportunity to 
insist that alternating systems, to be considered safe, must be 
protected in some such way, and I felt that alternating currents 
should not be put into service until we had got some such 
safety device. Just as soon as we got those devices we were 
ready to do business. Now, the actual state of the case is this, 
that the wiring in my former house in Lynn, I think the 
plant was installed about 1887, had its secondary grounded. I 
grounded on gas and water pipes and preferred that arrange¬ 
ment to any other. But there were kickers as there always 
are against such simple proposals and as a compromise we 
afterward did not ground the secondary completely, but put a 
film between the secondary and the ground. That was the 
origin of the film cut-out. We put the film on both legs of the 
secondary, and of course a primary connection was supposed to 
break it down and give us protection when needed. 

I will say in my own plant I also used a film after the first 
grounding in the following way. I felt that something might occur 
to interrupt the connection with the leg of the secondary on which 
the ground was, and therefore to be perfectly safe about it 1 put 
a film between that leg and the other so that if anything inter¬ 
rupted the ground side, the film would break down and ground 
the other side. This is all of course ancient history, and I have 
been doing my best in correspondence and in papers before the 
National EleetHc Light Association and upon similar occasions 
to enforce just what is put forward so nicely in the paper before 
you. I endorse everything that is said, and I hope some action 
will be taken by a body so influential as this, toward getting 
some such thing adopted. 

Mr. C. M. &o)ddarb President, I did not understand 
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that Prof. Thomson formally seconded Dr. Hutchinson’s resolu¬ 
tion. I should like to second the resolution and for several 
reasons. Hot, however, because the underwriters are fully con¬ 
vinced as yet, that one of their rules, almost as unchangeable as 
the laws of the Medes and Persians, that no circuit should be 
permanently grounded, has been wrong all the time, I am not 
convinced of that fact, but because we are delighted to have the 
Instiute take up any subject in relation to our rules and try and 
help us to arrive at a right solution. I think in the past the In¬ 
stitute has been almost too much afraid to put itself _ on record 
as favoring or opposing any particular rule. Individual mem¬ 
bers have frequently spoken (sometimes possibly in disrespect) of 
the underwriters’ rules in general^ but to come out fairly and 
frankly and try and help us to improve the rules has been a 
course which they have not taken so freely untj.1 through the 
efforts of the National Conference we were brought more closely 
together, and found we were not on either side quite such dreadful 
creatures as we had supposed, and that we were both trying so 
far as we could to work toward the same end. The station man¬ 
ager is just as much interested from a commercial standpoint, 
that his current shall not set fire, as the underwriters are. 

I think it very probable that this grounding of the secondary 
may be the best solution, but the underwriters are always con¬ 
servative in such matters. We had the various earthing devices. 
I have seen the cut-out of which Prof. Thomson speaks, and I 
think I have heard it spoken of by station managers even more 
disrespectfully than the rules. These devices have given trouble, 
they were steps towards something which we were trying to ac¬ 
complish, but they were not perfect solutions. ‘ We have found 
many of these film cut-outs supplied with pieces of straw paper 
and writing paper and even blotting paper, one time we found 
two thicknesses of blotting paper, and should not have been sur¬ 
prised to find asbestos board used. 

But the great point in favor of grounding a circuit perma¬ 
nently, is that it would be thoroughly and properly grounded, 
and as Dr. Hutchinson says you then know w'hat you have. It 
is in my mind largely a question of choice between two evils. 
I don’t think that anybody will deny that the^ grounding of 
one side does to a certain extent increase the fire risk, especi¬ 
ally where we fitid combination fixtures, and the wires run in 
proximity to gas pipes, and in a great many of our older in¬ 
stallations I should be afraid to ground either side permanently 
until we had made careful tests. You are all familiar with the 
old style of insulating joints, lots of them in existence to-day, 
and underwriters’ wire, wooden cleats, no insulating tubes 
where the wires pass through the building. When you came 
to a brick or plaster wall, eight or ten years ago, there was a 
piece of soft rubber tubing there; what it is now you can all 
imagine. The underwriters are conservative, but they are de- 
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lighted to have the Institute help them, and if these resolu¬ 
tions pass, and the Committee on Code of the Institute will 
take this subject up tliey will find that the Electrical Com¬ 
mittee of our Underwriters’ Association will take it up just 
as carefully, and try to be reasonable, and I have very little 
doubt but what we shall arrive at a solution satisfactory to 
both sides. The same way with the rule in regard to double 
transformation with extra high potential. If you undertake 
to carry 10,000 volts through the streets of Boston we (the 
underwriters) can’t stop it, but we say there must be a double 
transformation before it is put into use in insured buildings, 
and the chances are that this will largely relieve the streets of 
these extra high potential wires thrpugh the use of transformer 
stations in the outskirts of the city. The presence of high potential 
wires in city streets is certainly something that firemen very 
strongly object to at the time of a fire, and if the underwriters 
did not impose any restrictions, the city authorities probably 
would. "We would be delighted to have you help us in making 
our rules. We modified this rule last year at the request of the 
Institute, and we will certainly modify it further if you will 
only come to us and show us that you are right, for we have a 
great deal of respect for the opinions of the .Institute. We now 
have six months to work on these questions before the next 
meeting of the Electrical Committee of the Underwriters’ 
hsTational Electric Association, and I have not the slightest doubt 
that if your Committee will do their share of the work we will 
arrive at a solution that will be satisfactory all round, and I hope 
the Institute every time it finds a rule criticised will get some 
member to write a paper and give us the expression of their 
opinion. And I most heartily second Dr. Hutchinson’s .resolu¬ 
tions. 

Peof. Goldsboeouoh :—After the opinions that have been ex¬ 
pressed in favor of grounding the secondary, I hardly feel like 
saying anything in opposition, but I am very much interested in 
the subject and ail my experience has tended to lead me to feel 
it is not best to ground the secondary. I do believe that ground¬ 
ing the secondary is much better than any other device that has 
been suggested, outside, possibly, of the shield. .But I think the 
grounding of the secondary is a step in the wrong direction. It 
does not accord with present tendencies, nor with the rules that 
the Institute has adopted requiring very rigid tests of all.ma¬ 
chinery and defining these tests very carefully. In other words, 
if, you ground the secondary you give people who are installing 
inferior equipments a loophole through 'which they can crawl.’ 
An electrical installation will not be any stronger than its weak¬ 
est point, as in the case of any other installation of. an engineer¬ 
ing character,, and I think what we should do.would be to ad.- 
vise that after an instalfatiqn has heen made ifc be subjected to a 
two,Or three.or four JiOur’semi-shorhQircuited a test .of 
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several hour’s duration with 50 to 100% more current flowing 
through the mains than they are designed for. In this way all the 
•joints, wiring and connections will be sTibjected to a greater tem- 
peraturG rise than when in service. After this has been done^ all 
of the short-circuit connections should be broken that have been 
nut in, and the system should be connected on to a high pressure 
transformer through very light fuses. By increasing the volt¬ 
age on the whole system until double the primary voltage has 
been reached, the system will be subjected to a sufficiently severe 
test. If the contractor has to put in a job with those conditions 
staring him in the face he will be careful about the details of the 
installation. Ordinary insulation installed as we do it to-day 
will stand such a test if it is carefully put in. The fires we have 
usually result from there being a weak point, some point ■where 
a workman was careless in putting material in place. In view of 
present method, 1 think any engineer in going over a large in¬ 
stallation or even a small one, will be more than likely to find 
just such weak points. 

I don’t know but that this statement of my opinion on this 
matter may seem rather radical to some of the members of the 
Institute and not wholly warranted. It is a sort of departure. 
But if we demand thut a transformer shall be built to stand a 
test at 10,000 volts it does not seem to me we should put in 
a very low insulation resistance in the secondary equipment. I 
don’t refer to light insulation, but insulation installed in a careless 
way. Furthermore, 1 am quite sure that members of the Institute 
will bear me out in saying that the underwriters experience 
most of their troubles from not seeing that their rules are 
carried out. I have in mind an installation where I have re¬ 
quested them to send an inspector, and that installation has 
been in a year and a half without any attention on their part. 
They have taken my word for it that it is all right. The build¬ 
ing in which the installation was made is valued at possibly 
$20,000, and if there is a fire there of course their policies will 
hold. 

I would Hke to say in conclusion that in experimenting, as far 
as the element of personal care in such matters is a factor 
I think we all formulate a set of rules for ourselves as we 
gradually become accustomed to high-voltage apparatus. We 
learn automatically to protect ourselves. If I am using voltages 
as high as 10,000 volts I don’t want anything grounded. I 
would like rather to have the transformer and generator and ap¬ 
paratus insulated, and personally, I feel safer under those condi¬ 
tions. 

Mt?.. Steinmetz :—I beg to disagree herein with Prof. Golds- 
borough. Kegarding the proposed test of operating the lines 
•with 50 to 100% more current, I do not see any object, since the 
mains should be protected by fuses against overheating, and it 
is the business of the underwriters to see that this is done. 
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Operating at twice the voltage does not seem to me to be quite 
sufficient protection either. 

Prof. Goldsboeough :—I mean twice the liigh-tension volt- 
age. 

Me. Steinmetz :—Twice the high-tension voltage as a rule ap¬ 
pears to me an unnecessarily severe test between the conductors, 
since a breakdown between the conductors short-circuits the sec¬ 
ondary system and thereby blows the fuses. The real danger 
appears to me to lie in the insulation against grounds, and no 
specilieations regarding this insulation appear sufficient if there 
are no means available for testing the insulation. 

But if, as Dr. Hutchinson proposes, it would be made permis¬ 
sible to ground the secondary circuit, or as I should rather like 
to see it, mandatory, then it would be easy to test the dielectric 
strength of the secondary system against ground, and such a test, 
which can be made in a few seconds, could be prescribed before 
accepting an installation. 

By opening the ground wire and inserting in the gap the 
high-tension coil of a small testing transformer of 1:10 ratio, 
with its low tension coils connected to the secondary mains, the 
whole secondary circuit is raised to a potential against ground 
•equal to ten times the operating potential of the secondary cir¬ 
cuit. As you see, the existence of a permanent ground would 
make such a test very easy indeed and feasible in a few seconds, 
.so that the installation could even be re-tested from time to time. 
I need not say that I am very much in favor of Dr. Hutchin¬ 
son’s resolution. 

There has been in the last few’years a great deal of discus¬ 
sion as to whether grounding the secondary is safer regarding 
fire risk or not, and the majority of opinions seem to be strongly 
in favor of grounding. 

Regarding danger to life, however, there never has been any 
doubt, and never can be, that the only absolute and perfect pro¬ 
tection against danger to life in case of an accidental contact 
of the lighting circuit with a high-tension circuit of any de¬ 
scription, is a permanent and absolute ground of the low-tension 
■circuit. 

I should certainly hesitate, when standing for instance on the 
damp floor of a cellar, to turn on an incandescent lamp when 
knowing that the only protection against certain death is the in- 
.sulation of some unknown type of transformer which hangs some¬ 
where on a pole, exposed to the weather for years. The film cut¬ 
out as a protective device is certainly better than nothing, and 
there may be people who would enjoy getting into a 3,000-volt 
circuit if they know that a film cut-out will probably open the cir¬ 
cuit quickly, but I myself should decline to do so. A further 
feature in direct current systems is, that an extended ground of 
fhe neutral offers the best protection against electrolytic action 
by restricting the path of the leakage currents from the unavoid- 
.able leaks on the outside wires. 
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Prof. Goldsborocgh : — I forgot in mentioning the test I advo¬ 
cate, to sav that I also favor the test between the secondary mains 
and the ground. My idea is to have a test which will be anala- 
goiis to the test to which the transformer itself is subjected. x4s 
regards the matter of using double current in making the test, 
that is simply for the purpose of heating and thereby weakenin<r 
any point that may be faulty so that when the high voltage tes't 
is applied the fault will break down. 

I_>c. Bell I would like to call the attention of the Institute 
to the fact that it is not the initial condition of the circtiit that 
makes trouble. Prof. Goldsborough says tests must be applied 
with the utmost rigor. Where they are running in adulterated 
rubber on us you cannot expect long life of instilation, and that 
is the trouble with any position whatever depending upon strict 
insulation tests at the initiation of a plant, be it a large plant or 
be it house wiring. Two or three years after the plant has been 
in service it is just as likely to be full of leaks as if it had been so 
m the hrst place. Test your circuit as thoroughly as you please 
to satisfy yourself that on this 27th day of June it is all right but 
ground it so tliat on the 27th of next June it will be safe even if 
the iiisnlation is deterioi’iated. 


. that engineers forget is the danger from arc 

circuits, ihose are generally run in a slipshod manner, the insul¬ 
ation rnay be hanging from them in strings, and as to the voltage, 
It 1 .- all very well tor the underwriters to demand double trans¬ 
formation for anything over 3,500 volts, but how about the are 
light cn'cuits which are running anywhere from 2,000 to 5 or 6 
ur 1,000 imltsover all sorts of overhead wires. The Edison 
circuits are in tenfold more danger from are light circuits than 
they are from any breakdown between the primaries and secon- 
daiies of transformers on their own systems and it is in respect to 
all thep contingencies that we must guide our practice. If we 
ground the secondaries we are compelled to be safe everywhere- 
The more thorough tests we put on prior to that the better^ That 
mader will take care of itself. But once grounded you definitely 
limit the potential_between the wire and the ground'!^ And there 
IS another thing m this connection which limes into practice 
in some of our high-tension long-distance plants. Supposing- 

iilv 1 transmission circuit as is^genel 

• ,1 . jo^'''oltnge plants. How about grounding the 

e tral point of the primary ^ How about grounding the n^tral 
point of the distributing primary ? By doing that, von very o-reatlv 
re uce the tension between wire and ground, and consequently 
increase your safety all round. The only legitimate obSon 
eroundinp-nf the grounding of secondaries and 

be brought bv^rnr”^' objection which may 

be brought by the manufacturer on the ground that it is subi'ecd 

mg his machines to outrageous strains. ^But since the manufac 
tuier IS perfectly willing to take his medicine, and would prefer 
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to have the machines grounded, 1 think it is very far from the pro¬ 
vince of those of ns who have nothing at stake in that matter to 
say You shan’t ground your secondaries because something tiiat 
we do not understand may possibly cause trouble of a character 
we cannot predict in some wiring we know nothing about.” And 
I can see from my own observation that the application of half 
the underwriters*' rules in full rigidity would do more to secure 
safe wiring than the publishing of a volume of instructions and 
addenda thereto. I have seen houses wired within a thousand feet 
of the habitual residence of men whose business it was to inspect, 
so dangerously that I would not care to take electric light if I 
lived in them. It is the carrying out of a few simple rules to 
their legitimate conclusion that will give us safety. Once your 
circuits on the secondary side are grounded you know where to 
to look for trouble. You must keep up the insulation of the cir¬ 
cuit with respect to ground and that can be done. Once that is 
done we are on comparatively safe ground. And in seconding 
again Dr. Hutchinson’s resolution with respect to bringing this 
matter before the underwriters I would like to call the attention 
of the Iis^sTiTUTE to the fact that it is probably known to most of 
us that in making this provision for grounding neutral wires and 
grounding secondaries we are simply following out a line which 
they are following abroad to-day continuously. IMot only is it 
permitted but it is required in the installation rules abroad, and I 
would like Mr. Steinmetz to go considerably forward, and not 
only make the grounding of the neutral permissive, but manda- 
tory: grounded at some point which will protect the secondary 
system from the high-voltage current. 

Mr. James L Ayer: —This discussion is agreeable to some of 
us. Some ten years ago, realizing the necessity for this protection- 
I secured a compromise with the underwriters by having them 
permit me to construct and nse circuit breakers with magnets of 
high resistance; these magnets were connected across the secon¬ 
dary mains and a connection to ground made between the two 
magnets, and in this way we grounded the secondaries. Anything 
over 400 or 500 volts coming in on the secondaries would pass 
sufficient current through either or both magnets to open the main 
line switch. The whole device was enclosed in a box so that it 
was impossible to close the switch when once opened, without 
removing the cover of the box that was closed with a seal. I got 
permission to use such a device as this but could not get permis¬ 
sion to ground the secondary. 

Some four years ago, Prof. Puffer, at a meeting of the In¬ 
stitute brought up this subject and strange to say there was no- 
material discussion. He brought it up with fear and tremblings 
and said he was going to ask for the consideration of a thing which 
would lead to much criticism, namely, the question of grounding 
secondaries of alternating circuits and particularly those operated 
from high-tension, long-distance transmission mains. The mem- 
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bers of the Institute at this meeting, four years ago, seemed 
to have no appreciation of the necessity of this or some similar 
protective method. To-day the necessity is not as great as it was 
ten years ago, nor even fifteen years ago when Prof. Thomson 
realized it, although at that time there were very few circuits to 

protect. . . 

I desire to-day to add my testimony to others here, indicating 
the necessity of this action being taken because I think it is a 
part of the work of the Institute at its meetings to do just this 
sort of thing and I trust the resolution will get the full endorse¬ 
ment of all the members present. ^ ^ 

There is one point in connection with all this, the detail of 
grounding and the detail of protection as Dr. Bell has men¬ 
tioned is a thing to be looked after. Many methods have had to 
be abandoned in the past on account of the difficulty of securing 
safe and permanent grounds. That is an element which must be 
considered in determining any final resolutions in connection with 
it because 1 take it, it is necessary to prescribe some methods in 
detail as to how the work shall be carried out as well as to indi¬ 
cate generally that it should be done. 

Oapt. Wm. Brophy I am somewhat familiar with this sub¬ 
ject, having discussed it with Prof. Thomson several years ago. 
1 did not agree with him at that time that it was a good plan to 
ground the secondary wires, for the reason that we did not have 
k that time the improved devices that we have to-day. We had 
then insulating joints that were such in name only. VVe had soft 
rubber tubing and various devices that have long since disappeared. 
Again I think that to the fact that this plan was opposed at that 
time, may be due the great improvements that have been made 
in transformers and better forms of insulation and translating 
devices generally. The only safe rule to follow in the transmis¬ 
sion of electrical* energy is to construct the circuits in the best pos¬ 
sible manner, use the best form of insulation and the best devices 
that can be procured, in fact have every inch of the circuits as 
nearly perfect as they can be made. We now have transformers 
that are far superior to the earlier types, and which are very 
nearly perfect. With the great improvement in material and 
devices, I can see uo great objection to this plan. 

In New England there have been but two lives lost since the 
introduction of the alternating system, due to the breaking down 
of the insulation of transformers, one in Boston, the other in Wo¬ 
burn. There has been some criticism of the underwriters indulged 
in which I think is unjust. The station manager is apt to throw 
the burden that belongs to himself onto the shoulders of the un¬ 
derwriters’ inspectors. He owes it to his company and to its 
patrons to see that the most approved form of electrical work is 
done, and the best material used. 

He injures the business not only of his company but of every 
other one throughout the country when he countenances slipshod 
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methods of electrical construction. It is true that the man¬ 
ager is not always responsible for fires due to the failure of insu¬ 
lation and faulty construction, while we have that peculiar g’enius 
—the would-be contractor. Most of the contractors are reputable 
gentlemen who try to do what is right unless driven to do other¬ 
wise by irresponsible parties and unfair competition. jS^ow the 
underwriters cannot undertake to supervise every installation that 
exists throughout the country as rigidly as they should do. It is 
too much to ask or expect of them. They hav^e a right to depend 
largely on you and you should assist them; I mean those in the 
electric lighting business. They should put their shoulders to the 
wheel and do the greatest amount of that work, and not throw the 
entire burden on the underwriters and municipal inspection boards. 
As I have said before, I think the time has c.ome when this plan 
of grounding the secondaries can be adopted, except in the ease 
of some of the older installations the conditions of which we know 
so little to-day. 

Ten days ago in this city we had a breakdown of a trans¬ 
former in what is called a fire-proof building. In it were the 
old type of insulating joints which proved to be of little value; 
the current passed over them without difficulty and a fire oc¬ 
curred at every fixture. Had it been a frame building it would 
have been destroyed. The wires were run in paper conduits, on 
which time had laid a heavy hand, resulting in grounding the 
system, to which was due the failure of the transformer. It 
may be asked where were the fuses ? If there is any one thing 
that is more unreliable than the ordinary fuse I have yet to see 
it. In this case the fuses failed to fuse; ’’ they were a first-rate 
fuse from one point of view, their melting point being exceed¬ 
ingly high and they did not give way and open the circuit; as 
heat resisters they proved a success. 

The neutral wire has been grounded here in Boston for several 
years. Why shouldn’t it be? You cannot keep a system as ex¬ 
tensive as that of the Edison Electric Illuminating Company 
clear of grounds. While we can maintain a high standard of in¬ 
sulation in the interior of buildings, we find no serious trouble re¬ 
sulting from the grounding of the neutral wire. The true rule 
to follow, is to use the best possible insulation and do the highest 
class of work In the underground system of this city, which is 
limited to the section south of Dover street we can maintain a 
maximum of insulation, but with very few exceptions a portion 
of the circuits extend beyond the underground district, and at 
times in the overhead portion, there is absolutely no insulation, 
consequently the absolute resistance of the circuits is greatly re¬ 
duced. Owing to this fact, the insulation of interior circuits 
should be, in fact must be, maintained at the highest point 
possible. 

Peof. Puffek: —I can speak of this matter from three points 
of view: first, as the teacher on electrical engineering; second, 
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as a member of tbe Institute; third, as consulting Electrical 
Engineer of the Associated Eactory Mutual Insurance Com¬ 
panies. 

As the general tendency just now seems to be for some reason to 
attack the insurance interests for failure to require what less than 
a year ago was bitterly opposed by these same gentlemen, I will 
speak as an expert of the insurance companies. On taking up 
the matter of rules and regulations, I found that things were in 
a very bad shape, especially the alternating current installation. 

In making up our minds what to do for rules, it seemed best 
to adhere to the existing rules at first, and while looking around 
for means of increasing the safety of transformer work I con¬ 
sulted about all of the electrical people I happened to know, and 
they were a great many, and 1 am glad to say that two of the 
members who have spoken here, Prof. Thomson and Mr. Stein- 
metz agreed thoroughly at that time that there was no known 
device, no known trick of engineering that they knew anything 
about which rendered secondary wiring safe except the grounding 
of the neutral of the secondary. But business matters were such that 
it didn’t seem desirable for every one to take that view, yet I al¬ 
ways found that even those men whose official views were against 
grounding transformers had a sort of sneaking impression that 
when the transformer was outside of their house it was going 
to be grounded, which I always considered as expressing their 
positive feeling that there was a decided danger. 

When I brought up the plan of grounding the secondary,, 
at a meeting of the Institute in Eew York a few years ago, 
I found that the temperature of the meeting was much below 
that of liquid air and the plan was then treated as vicious. 

I want to go on record as stating what I believe to be the- 
truth, that this grounding of the secondary has been held ofi for 
two years by the action of gentlemen in connection with electri¬ 
cal industries. 1 have attended the annual meetings of the in¬ 
surance inspectors and I found two years ago, that it seemed as 
if we could adopt a rule requiring, under suitable conditions, a 
grounding of the neutral circuit, but it was prevented by the' 
statements and efforts of certain electrical gentlemen who I pre¬ 
sume believed what they said. Now, it is unfair to state that the- 
majority there at that time were responsible for failure to per¬ 
mit the grounding oi the secondary under suitable conditions^, 
which was permissive according to our rules. At the Convention 
last December, action was deliberately prevented in substantially 
the same way, again relieving the insurance people. It is not fair 
for any man to turn around and say that this thing has been held 
off as long as it has purely by the insurance people themselves. 
It is not so. 

There are however , a number of things to bear carefully in 
mind in connection with this grounding of the neutral or 
middle point (as I prefer to call it) of the transformer itself. It 



1899.] 


DISCWSSION IX BOSTOX 


427 


has been stated here bj some gentlemen that the ground on 
the middle of the transformer secondary removed all possible 
danger. That is a mistake, unless the gentleman couples with it 
the fact that the transformer is provided with reliable fuses 
in the primary wires. For if it is not fused you can then 
get a drop through the impedance of the secondary that, will 
give you a dangerous difference of potential between the parts of 
the secondary system and the earth. 

Another thing in connection with this ground wire is that it 
should be sufficiently large to have a greater carrying capacity 
than either wire of the transformer itself. 1 think you will see 
from this consideration, that all such things as eartiling devices 
become simply negligible, they disappear in smoke with the ffrst 
short-circuit that happens to come. 

In regard to grounding the secondaries of transformers there 
was one criticism brought up that led me to think that the 
gentleman had in mind the possibility of the ground being re- 
nioved by the blowing of the fuse, leaving the transformer still 
in, and that there could be no installation test made of the wiring 
under such a state of affairs. If you ground the middle of the 
secondary, the simple removal of the "ordinary prescribed fuse 
leaves your wire absolutely free for any test you desire and the 
ground is where it should be, back of all fuses, on the secondary 
side, and protected by the fuses of the primary side. 

I want to call your attention to the fact that’the presence of a 
large grounded system may in itself introduce a dangerous ele¬ 
ment from the fact that it as a whole becomes a conducting 
system for foreign systems, and I refer to the fact that a large 
grounded system may become a return for railway circuits to 
such an extent that the regulation of the two sides of a three- 
wire system will be found to be complete. 

I would carry grounding to such an extent that I would com¬ 
pel the absolute grounding immediately at point of entrance into 
buildings of every system (except series area which ought not to 
be allowed in buildings) and including such things as water pipes 
and gas pipes. I^ot many hundred feet from where we are now 
there has been a serious case in which a building with no electric 
wires in it was set on fire by a current which came in over a water 
pipe and went out by a gas pipe. If these pipes were connected 
in the basement and therefore grounded at same point and that 
building had electric wire,s and the neutral were grounded, noth¬ 
ing would enter that building of a greater potential than that 
allowed by the rules, of 300 volts. 

Mr. Steinmetz: —In connection with that most formidable 
and least tangible danger, the contractor who does improper wir¬ 
ing, I would call attention to the advantage of the grounded cir¬ 
cuit in permitting a quick and simple test of the insulation 
strength. 

It is true that the methods of insulation have been essen- 
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tially inaproved during tlie last year and as a ininimum test of 
insulation in transformers now 10,000 volts is proposed. But: 
nevertheless, a transformer installed to-day and tested for 10,000 
volts may be broken down absolutely to-morrow by causes be¬ 
yond your control and unavoidable, as a secondary lightning 

stroke. ^ i . r ‘ 

The grounded shield is a fair protection also in the trans¬ 
former, but to be perfectly safe it must hermetically enclose the 
secondary coil and all its leads, which is not well feasible, and 
must be perfectly grounded which is very ditBcult to accomplish, 
at the place where transformers are usually located. 

i^BOF. Thomson On the point of the difficulty of making a 
ground I see that sometimes lightning makes a mistake in that 
particular. At Lynn a while ago it thought it had a good 
ground by striking the water pipe but it had to strike two or 
three houses and had to break about a dozen joints in water 
pipes to get away to earth. 

Fbof. Gtoldsborough :—I think probably by taking the position 
I have in this discussion there has been brought out the fact that 
after all the difference between the ideas I have and those voiced 
by the other speakers is very slight. 1 think it has been very 
strongly brought out so far, that even though the secondary is 
grounded, as I am quite sure from the sentiment generally ex¬ 
pressed it is going to be, we must insist upon good insulation of 
the house wiring. In opposing the ground I do so largely be¬ 
cause I think it will lead to people feeling that, as they have a 
ground protection, they are safe anyway, and they will be more 
or less careless about the matter of insulation. In fact I know of 
a case in which weather-proof wire was used in interior wiring 
and no complaint has been made about it. 

The old transformers which are now in use should not be sub¬ 
jected to the strain necessarily resulting from grounding the sec¬ 
ondary. The plan which is suggested here might well be made 
to apply to future installations. We can’t, unless radical steps 
are taken, make existing lighting plants throw out their old trans¬ 
formers. (Suppose we make a ground on the water and gas 
mains in an installation where one of the old type of transformers 
is in use. The result will probably be that discharges, either 
direct or induced on the line, will break down the insulation 
between the primary and secondary of the transformer and then 
take direct passage to the house. To my mind, all grounding 
should be outside of the buildings and the grounds should be well 
made. It is not always easy to secure a good ground and even 
where care is taken in the course of a year or two you have to go 
over the work and readjust the ground connections. If it is not 
made on the water pipes and gas pipes you lakye to go to con¬ 
siderable expense in making one that is satisfactory. 

J therefore urge should the Institute recommend that secon¬ 
daries l>e grounaed^ that it also recommend that an insulation 
test he required wherever a ground is made. 
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Mk. Godd^bd :—I take it the idea of Dr. Hutchinson is that: 
the Institdtp3 should express itself as to whether it is advisable to 
permit the grounding of one wire. Then he goes on in his 
resolution authorizing the Committee on Code to confer with 
a similar committee from the underwriters as to details, and 
it will be noticed that the second resolution reads “the pas¬ 
sage of a rule permitting or reguiring^'^ if it should be the 
result of that conference that the general opinion Avas that we 
should require the grounding, that might be the recommenda¬ 
tion. It goes without saying that you want a good ground 
and a permanent ground. And that is the reason we want this 
conference to settle the details of any rule we may recom¬ 
mend. But they can’t be settled here to-day. 

Mb. C. W. Bice: —The largest lighting interests endorse this 
resolution. In ISiew York and Brooklyn the system is now 
operating with from 6UU0 to TOGO volts on the primary, and it 
would be a great advantage to all those interests if this change in 
the rules were made. 

Mb. Hammeb:— I think if the literature of the Ambeioan Insti¬ 
tute OF Eleotbioal Eng-ineebs, the Nati'mal Electric Light A-'<so- 
eiatim^ the Eationol Conference Standard Electrical Rules^ 
and the Underwriters^ National Electric Association were gone 
through you would find this subject has been given a good deal 
of attention heretofore. It has been expressed by gentlemen 
here present that the principal difficulty was that the transform¬ 
ing apparatus had not arrived at that condition of perfec¬ 
tion which ” would warrant such action being taken, and if it 
were held off the manufacturers might perfect the apparatus 
or find a satisfactory method of meeting the difficulty. At 
the time of the JNational Conference meeting I believe the 
best thing recommended was an automatic device which would 
opeii^the primary circuit when the potential in the secondary 
rose above a certain value Prof. Buffer spoke of this 
subject being coldly received at the Institute meeting in 
New York City. There has not been an engineer who would 
give a decided expression of opinion on this point and back it up 
with the results of experiments which would warrant sucli an 
adoption. The question is an old one and I think the under¬ 
writers and certainly the National Conference at the time of their 
meetings thought tte grounding t)f the secondary a thing which 
would eventually be done though it was hoped the manufacturers 
would submit something that would take the place of that. At 
any rate, the time had not then arrived. 

Pbesident Kennelly :—^Before putting the question I may be 
permitted perhaps to make a few closing remarks. This is an old 
question. It has long been in existence and long been a matter 
giving rise to much difference of opinion, but especially between 
the underwriters and electrical people. 

The facts are, as we know, that every low-tension system to- 
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day, of any kind, whether alternating or direct, when normally 
insulated, has its central point at the potential of the earth, and, 
therefore, so long a,s a low-pressure system is properly insulated 
it is normally subjected to the same conditions of pressure, the 
same breaking-down conditions, as would exist if a central point 
of that system were grounded directly, and only when a loss of 
insulation occurs on either side is that normal condition upset or 
modified. Moreover when a ground is made on either side, the 
conditions tending to produce accidents are worse than when the 
neutral or middle point of that system is permanently^ grounded. 

As regards the argument that if the secondary circuits of trans¬ 
formers built in the past had been grounded at some point, they 
would have broken down, is that not a very weak position to take 
in regard to the seen rity of life and property to-day, when if a high- 
pressure circuit becomes crossed with such a circuit we are likely 
to produce that very condition of breakdown. Is it better to 
lose a few transformers of weak insulation by grounding their 
secondaries, or to run the risk of accident from a high-pressure 
cross ? 

Ido not ■ know any man, conversant with the facts, who 
would let any person for whose life or safety he was respon¬ 
sible go into a damp cellar and touch any part of a secondary 
circuit when there was a high pressure turned’on on the primary 
side. I want to see the man who would permit any child of his 
to do that thing unless adequate precautions were taken for pro¬ 
tecting the secondary circuit. 

The same is true in a modified form in regard to any low- 
tension sy»stem overhead or underground, Edison, direct or alter¬ 
nating. It is no argument whatever to say that owing to trans¬ 
formers being weak in the past this grounding of the neutral was 
objected to, because the way to make transformers better was to 
make manufacturers ground their secondaries. That would 
necessarily throw the full normal stress on the transformers and 
force the manufacturers to make the transformers capable of 
standing this full normal stress. 

[After the presentation of certain amendments, the resolutions 
offered by Dr. Hutchinson were passed in the form in which they 
now appear on page 416 and the session of June 27th then ad¬ 
journed.] 
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PLEA FOE A WEEING- STANDAED OF JJGHT. 

BY S. EVEREIT DOANE. 

It was my desire to present what I am about to say as a part 
of the discussion on the report of the committee on the standard 
of light. As this committee will not report at this meeting, 1 
bring the following before the Institute with no intention, of 
•course, of interfering with the work our committee is doing. We 
nil agree as to the importance of this work. What I wish to pro¬ 
pose is that this committee or a new one, fix definitely the means 
for maintaining a working standard of light pending the adop- 
fion of a primary one. 

There are scattered over the country many well equipped 
laboratories, and in the near future every central station and 
large isolated plant will be provided with means for measuring 
light. There is not now in existence any workable primary 
■standard which can be used by the ordinary photometer corps. 

It may be said that this is equally true of all primary stand¬ 
ards. The mercury column or resistance standard, in fact pre-' 
sents so many difficulties that it is rarely ever used, even in our 
best equipped laboratories. In reply we can say that the standard 
of light differs from all these in that its terms are so indefinite 
and so crudely outlined that two laboratories cannot produce the 
same value for the candle power, if they work entirely independ¬ 
ently. The discussion on this paper will probably bring out very 
diverse views as to what is the proper direction in which to work 
to eliminate our present diflSculties with the light standard. 

The standard of light is in quite another class from the other 
.standards. Every instrument maker is anxious that his instru- 
.ments shall be calibrated in true units and he can so calibrate 
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them if he uses care. He sends his instruments out so calibrated 
to the best of his knowledge. 

A lamp user may say to the manufacturer, Your standard is 
wrong,'’ and neither ever dreams of suggesting a recalibration ; 
they know by experience that an agreement cannot be reached. 
Ko observer can even duplicate his own work. What is the 
result I Every lamp maker in the country is sending out some 
lamps which are wrongly marked according to his own standards 
because some of his customers have standards of their own. 

Lamp makers differ among themselves and there exists no way 
by which they can be brought together. It is obviously to the 
interest of the whole electrical engineering fraternity that some 
action looking to the correction of this condition be inaugurated. 

In passing I wish to go on record as saying that in a very few 
years the incandescent lamp will be adopted as a primary stand¬ 
ard. It could be 60 adopted to-day if lamp makers would only 
tell what they know. 

Every committee (our committee included) ever having to do 
with investigation of proposed light standards has found an in¬ 
candescent electric lamp a very convenient secondary standard. 
It has been entirely satisfactory, so much so that my whole pur¬ 
pose in writing this paper has been to see if we cannot inaugurate 
some action which will result in the appointment of a committee 
who will provide means whereby a standard of light may be 
arbitrarily maintained. This committee could send out under 
proper restrictions properly seasoned and calibrated incandescent 
lamps for this purpose. 

It does not matter just how this is done. Possibly a national 
laboratory could be founded. A committee of the professors of 
electrical engineering from our various colleges might agree to 
do this for us. Something should be done, and the iirst step 
toward it will be the appointment of an Institute committee on 
the maintenance of what our committee on light may decide is a 
proper standard value. Such a decision will be arbitrary and 
may have to be changed later but what of that ? We need now 
a common working standard of light. 

That the discussion maybe entirely free I refrain from making 
any definite suggestions until the views of the members may be 
obtained, but whatever these views may prove to be, I hope some 
action will be taken which will afford us temporary relief, and 
enable our committee on light standard to pursue its work un- 
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hindered by the necessity for hasty action. We can take action 
none too soon. A year from now, at the rate photometers are 
being made, we shall have as many standards of liglit as Joseph’s 
coat had colors, unless something be done. 


Discussion. 

_ Mr. STEmMETZ:—I think the matter brought here to our con¬ 
sideration is of considerable importance and for this i^eason I 
should hesitate to take any immediate and rash action. 

I believe some years ago a committee was appointed to inves¬ 
tigate photometric standards, and the committee made a prelimi¬ 
nary report but has not yet concluded its work. I believe the 
committee was investigating the acetylene standard. Acetylene 
appears to me to offer unusual advantages as a standard of'light 
since it can easily be produced in chemical purity from copper 
acetylide CuaCs, and its light has a perfectly white color equally 
suitable for incandescent and arc light photometry. The amyl- 
acetate standard while by far the best available at present, has a 
number of serious disadvantages, being somewhat inconvenient 
to handle, and especially differing in color by its reddish light con¬ 
siderably from the color aimed at in artificial illumination. 

Eegarding absolute measurements of light, I see no reason why 
this should hot be possible. It is true that light is not a physical 
quantity in the usual sense, since as light is understood the radi¬ 
ating energy in that range of wave lengths where the radiations 
are visible to the human eye. A photographic plate for instance^ 
‘‘sees” another and a bolometer still a different range of ether 
waves. Still, however, it should be possible to define as the total 
light intensity the energy of the ether waves within the wave 
lengths from 3,900 to 7,000 which is about the visible range. 

Mr. Charles P. Matthews :—I might say a word about the 
committee which Mr. Steinmetz refers to. Some four or five 
years ago a committee was appointed of which Dr. Nichols waa 
chairman and of which I had the honor to be a membei', AVe 
made a report of some forty or fifty pages, the object of which 
was to show how poor the standards were. We succeeded in ac-^ 
complishing that. Since that time we have not done anything 
collectively as a committee, although we have done something 
individually. Dr. Nichols is at work on some standards. I hope ta 
see recommended in the near future a standard that will be of some^ 
service. I am confident that it is not a problem that is beyond 
solution. At present the best standard in my opinion is the amyl- 
acetate standard, in opposition to Mr. Steinmetz’s opinion, be¬ 
cause it is the steadiest standard. It is the most independent of the^ 
quality of the ma^terial burned—that is you can burn it with a con¬ 
siderable degree of impurity and still get the same intensity of light.^ 
and it is reproducible in a high degree. The qualities wanted 
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are steadiness and reproducibility. That is, you v/ant in Boston 
and New York and San Francisco a standard which will come 
up to the specitications without having a necessity for a central 
bureau. First, steadiness and second reproducibility, third, qual¬ 
ity. That brings in a point of importance. Jt is clear that the 
;arc light differs so greatly in quality from the incandescent lamp 
that we cannot employ the same standard for the two. If we wish 
to measure the arc lamp to-day it is necessary to proceed stepwise. 
By so doing you can eventually reach a standard which has ap¬ 
proximately ‘the same color as‘the arc and you reduce the error 
to a minimum. I think there is no reason why we should attempt 
to measure arc lights by the same standard as glow lamps. I am 
<quite in sympathy with Blonde! of Paris who has suggested an 
arc light standard, a standard obtained by screening off a portion 
of the crater of the arc. That to be used solely for arc light. 
Unfortunately it has been shown that the intensity of such a stan¬ 
dard is not 'entirely independent of the quality of the car¬ 
bons used, but I am in sympathy with the principle there 
that we should have a standard lor arc light photo¬ 
metry. I think in conclusion we may well adopt a pro¬ 
visional standard. I know of no better standard than the amyl- 
acetate, W e may indicate the character of the fluctuations which 
are due to the amyl-acetate standard in comparison with the others. 
If you take the amyl-acetate standard and set it up before a bolo¬ 
meter in the manner done by your committee you get a record 
which shows the steadiness of that standard. The records of Mr. 
:Sharp and Mr. Turnbull which were put in that report I refer 
to, are something like this in a very crude way. That shows the 
reproducibility of the standard at any rate. You are able to get 
•the same thing at different times. Of all the standards 
tested by the committee, those fluctuations were the smallest, 
the steadiness was the best. Therefore as a temporary standard 
I don’t think we can do better than to accept theamjd-acetate stan- 
<dard. 

The President: —It may assist the deliberations to state the 
■facts in a small compass. The Institute appointed some time 
^ago a committee to report upon the question of a luminous stan- 
<dard and the means for obtaining measurements from the same. 
That committee has reported that the amyl-acetate lam p is the 
best standard available to day, and that in using this, certain pre- 
<cautions should be taken in comparing incandescent lamps. Mr. 
JJoane’s suggestion is that the primary standard is of very little 
5 )ractical importance, and that what is wanted is a stock of secon- 
-flary standard incandescent lamps which have been standardized 
by some recognized authority. 

Prof. Gtoldsboroug-h : — I think at the present time we are 
in a position to look to the organization in this country of a 
^standard laboratory and to my mind the Institute could not engage 
in a more profitable undertaking than that of looking into this mat- 
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tor, and seciii<>; if it is not possible eitlier for tbe Institiitk alone or 
lor tliG jNS'irruTKin connection witli other societies in Ainericaj 
such as tlui Ali (UthtUje Light AHWoiatlo)i and the Fire 
Underwriters, or for the Governinent, to establish such a labor¬ 
atory, that we may Inivo a recognized laboratory, where we can 
send both lamps and instriunents and other things and feel that 
they will recidve i)roi)er attention in the hands of unbiased par¬ 
ties. I believe it is something we need in this country as much 
as any^ one thing, and personally I am greatly interested in it 
and I feel it is oiu) ot the things the Ikstitute must take up in 
time, and the sooner the better. 

Mr. Ih.ooo: —This has been one of my dreams as well. The 
trouble conu‘-s in the (*ase of either the real or assumed engineer- 
ing (jiuality ot the dilTerent societies. There are certain of the 
engineering societies that have associated under the name of the 
Association of Kngineering (Societies, but the four large societies, 
mechanical, elec-tric, civil and mining engineers, have hitherto 
kept apart. It would seem to me that in a general association of 
these large so(n(dmi8 there might he a general arrangement whereby 
certain ])rojects which wouki be impossible in a single society 
might be taken np in connection with others, that would be a 
good thing. 

Mr* a. L. ( Jlouoii This matter lias I think been taken up by 
other than btchniiail societies. If I remember rightly the Amer¬ 
ican Association for the A<ivancement of (Science at the last meet¬ 
ing dwelt Koimnvhat on this matter and it would seem tome that 
the Bfdentiiic soeieticH coul<l throw their whole influence together 
to that en<L 

Mr* Stkinmk'I'z :“From this discussion it seems to me that we 
are not (juitii rca<ly to take up this matter. Undoubtedly if the 
Government could he iiulueed to interest itself therein, the stan¬ 
dard givmi by the (tovernment might bo expected to be accepted 
as authority, n-nd universally followed. 

Prof* W. M. H' riNE:— A suggestion is made in the paper re¬ 
garding th(‘ adoption of the incandescent lamj) as a primary stan¬ 
dard of light, in 18H5 a committim of the Ih-itisli Associatiord 
brought forward in a formal resolution that ‘hi unit of light is oh- 
tainetl from a straight carimn filament at right angles to the mid¬ 
dle of tlii^ filament, when the resistance of the filament is one-half 
of its resiKiamu) at 0® Gent and when it consumes 1(P o.cas. units 
of ele(dri(*al en(u*g^%’' It was further proposed**^ to make a large 
number of Hulij(ictive experiments on human eyes to olitain a co¬ 
efficient for tln^ expression of the illumination from the standard 
lamps by the idiange in tlie resistance of the filament. 

In Bucli manner when conifiarlng sources of illnmination, the 
standard filament might be a<ljusted until the spectrum curve of 

1. Brit, Ahho, Rep., IHBi), OB. 

2. E<‘f. (;it. pag(^ 8:i. 
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its radiation should be that of the light compared. Then the total 
heat and light radiations of the illuminating source and the stan¬ 
dard lamp could be compared at eq^ual distances by means of a 
thermopile. From the known radiant properties of the standard 
lamp, established by researches on the standard filament, the 
compound light could be completely defined. 

Abney^ had already proposed the definition of a standard of 
white light by experimentally establishing formulas which should 
connect the radiation from the filament with the energy^ current 
electromotive force, resistance and temperature quantities. ^He 
proposed the adoption of a standard spectrum for the comparison 
of the quality of lights, the quantity to be determined photomet¬ 
rically. 

The dimensions of the carbon filament and the electrical quan¬ 
tities involved in its operation are all capable of ready and exact 
determination. It would thus seem admirably adapted for a stan¬ 
dard light or an absolute photometry standard, in the sense that 
its light radiation might be completely specified by reference to 
the dimensions of its filament and its temperature of operation : 
or that the quantity of light Q should be 
Q=f{A.S,T,) 

when the functional dimensions refer in their order, to the emissiv- 
ity, the acting surface and the temperature. 

Further, such a standard as was pointed out in the British As¬ 
sociation report, would be exceedingly flexible, and not only capable 
of adjustment to agree in quality with the compared lights, but 
from the continuous nature of the spectrum of carbon at a certain 
temperature it would conform to the requirements for normal 
quality of light. Certainly no source of illumination as yet pro¬ 
posed for a standard light has so many obvious advantages. 

The failure of the incandescent light to fulfil its promise of be¬ 
coming an exact standard of light has been due to a lack of repro¬ 
ducibility and constancy of its physical character when in opera¬ 
tion. Though it would seem to be ditficult to determine with ac¬ 
curacy the area of the hot radiating surface, yet doubtless this 
could be accomplished were it the only obstacle. 

,The essential difficulty results largely from the tendency of car¬ 
bon to assume an allotropic form at very high temperature. Itis 
seemingly impossible to produce homogeneous carbon filaments or 
to flash filaments until the surface assumes known radiating quali¬ 
ties. 

The presence of graphitic carbon greatly modifies the temper¬ 
ature change of resistance so that the specification of a certain 
change of resistance to define the temperature is not feasible. 
The proposition that the operating temperature shall be defined 
by a decrease of the resistance to one half of its value at 
0 . loses all certainty through the lack of homogeneity in the 


1. BHf, Asso. Rep, 1883 page 422. 
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filament. A further difficulty is introduced by the rapid change 
of resistance due to hysteresis and its low progi’essive rise due to 
molecular readjustment or annealing. 

The variation in the emissivity, both in the same filament and 
between different filaments is an added uncertanity. Join to these 
the influence of the blackening of the chamber walls, their indefi¬ 
nite absorption, and the vaporization of the filament, and the 
causes for the failure of the promising standard are apparent. The 
failure, briefly, lies in an inability to establish the light emitted 
as a function of the dimensions and physical properties of the 
filament. 

Tven should the manufacturers by refinement of their processes 
attain a fair certainity and uniformity of the product, these objec¬ 
tions would still remain in force against the lamps beco.ning exact 

scientific standards of light. 

1 would especially call attention to the frequent statements 
berating the accuracy of photometric measurements. It will not 
do to speak of photometry as an inexact science and to claim that 
different laboratories cannot get concordant results. In 1^5 
Liebenthak showed why such results were not concordant. He 
showed us the value of the temperature correction and most or 
all, the humidity correction. Introducing these corrections, when 
the color of the lights compared does not materially differ, the 
amyl-acetate or pentane standards will lead to^ very excellent 
results. Lack of precision can now justly be laid to the failure 
of the photoinetrist and not to the method of photometry. 

Mr. Hoane :—I made a series of investigations once, extending 
over several weeks, and during that time I found that carbon sur¬ 
faces of the two kinds gave only two emissivities; that is all 
“ treated ” carbons which I tested gave exactly the same illumin¬ 
ation per unit surface per watt radiated. There was absolutely 
no difference over wide ranges of specific resistances and specific 
gravities of these carbon deposits. You can make deposits from 
any hydrocarbon or alcohol or any carbonaceous fluid and (so lar 
as 1 have investigated) the light radiated per unit surface per watt 
will be absolutely the same. 

The manufacturing companies to-day know a great deal ^bqut 
making incandescent lamps to an exact candle power. I hey find 
it difficult to make lamps to an exactly predetermined constant 
because they can’t make their resistances and their surtaces wfiat 
they wish. When it comes to predicting what candle ^ 

carbon will give at a given voltage after the lamp is made, that 
they can do within close limits. In the course of two or three 
years there will undoubtedly be presented to the world satistac- 
tory instructions for making some kind of a primary staadwa. 
Whafc we need now is a way of getting together practically rather 
than theoretically, and I hope that this discussion won tend until 


1, Blektro Tech. Zeit.^ Oct. 1895. 



438 


DOANE ON STANDARD OF LTOET, 


[Jane 28, 


a plan is suggested. I hope you will suggest some scheme by 
which we can maintain the standard of light. The amyl-acetate 
standard is not interpreted by various institutions or laboratories 
in the same way, that is they do not give the same values, conse¬ 
quently we are practically without astandai'd to-day. 

Prof. Puffer :—I have been very much interested in listening 
to the discussion and (as the resultof a great many experiments) I 
want to suggest a correction which ought to be applied to nearly 
all photometers, and that is a percentage correction for the com¬ 
mon sense of the observer. What I mean by that is shown very 
forcibly by a set of observations I call to mind which were taken 
by a so-called skilled observer who carefully set up a photometer 
•in a whitewashed vault. The lamps he tested were unusually 
near the whitewashed wall and the efficiency was remarkably high. 
Of course that was a very rank case but you will find that the 
reason for a great many small discrepancies in such standards as 
we have, is due almost entirely to utter neglect of common pre¬ 
cautions of screening the reflected light from the lamps under 
comparison in the photometer itself. Probably everybody in com¬ 
paring standard lights against one another would put the lamps 
at the opposite ends of the photometer. If they would of tener try 
the experiment of reversing the photometer, disk and lamps 
they will find much better and concordant results. I agree with a 
number of gentlemen who have said that the amyl-acetate standard 
is not a favorable one on account of its color, but I believe the amyl- 
acetate flame when used in lamps provided with a screen having 
a hole of a certain size will be found satisfactory. The bulk 
of our experience here points very decidedly in favor of a screened 
flame. T agree with Mr. - Doane that it would be very desir¬ 
able for the Institute to go on record assaying that for the pres¬ 
ent it seems desirable to take the amyl-acetate lamp as a standard 
and taking a certain value of it,and using that asa standard of light 
for the time being and the added precaution that both be' plac ed 
at the same end of the photometer. 


[Communicated by Eeoinald A. Fessenden.] 

In previous communications^ by the writer the following were 
suggested: " ’ 

1. A standard of radiation. - 

2. A standard of light (to be used as primary standard), which 
need not be accurate to much within onedialf per cent., in view 
of the great difference between the eyes of different observers in 
regard to visibility of light of different wavelengths. 

S, A secondary standard of light, consisting of electric incan¬ 
descent lamps of 16 o. p,, the'fliaments’ being placed -in bulbs of 
exceptionally good vacua-and of the size-used for 100 0: p. 


1. Trans ACTIONS A. 1. E. B., vol. xi,, p. 110; vol. xii., p. 500 ;‘vol, xiii., p. 201 
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Since the publication of the above the following points have 
been noted: That as the yellowish green part of the spectrum 
seems to be the most constant in physiological effect, the standard 
of luminous effect should be one watt of light of this wave-length„ 
That the blackened copper ball suggested by the writer as a 
standard of radiation does not give a perfectly uniform distribu¬ 
tion of radiation ; or rather, that the presence of convection cur¬ 
rents in the air interferes with the uniform distribution of th& 
radiation, as one part of the ball is thus rendered slightly hotter 
than another. This might be obviated by placing in vacua,, 
but other difficulties are thus introduced. The solution finally 
adopted is that of having a plane surface of copper of large ex¬ 
tent, blackened with platinum black to a fixed degree determined 
by the current passed. This method of coating with platinuitt 
black was first suggested by Lummer and Kurlbaum, and with 
wires placed within the copper slab of such resistance and carry¬ 
ing such current that .01 watt is radiated per square cm. of 
surface of the slab; the slab to be one metre in diameter, of 
circular section, one cm. in thickness and its back and sides 
covered with a layer of three cms. of eider down; the slab to» 
be supported iu a horizontal plane, and face downwards, and 
with a rim around it. Under these conditions it has been ascer¬ 
tained from preliminary experiments on a disk of^ smaller size^ 
convection currents play a small part and the radiation to a point 
placed 10 cms. from the face of the, plate is very closely the 

theoretical amount. .. . t 

luuse with this standard, the balance thermopile described by 
the writer in a previous communication must have its faces at 
right angles, like the letter L, and be reversible, as before. 

As regards the acetylene standard, in view of the fact that thft 
University has not seen fit to make any appropriations for scien¬ 
tific work during the last five years, and the writer’s personal 
means have been taken np in working along a different line, but 
little further has been accomplished. The two-jet burner de¬ 
scribed by the writer has been generally adopted in commercial 
acetylene lighting, with however one modification which should 
be avoided, i, e , the introduction of holes in the tips for leading 
in air. If the pressure is high, as recommended originally, and 
the tips are of platinum, or platinum iridium, preferably black¬ 
ened, the tips never get hot enough to decompose the acetylene 
and form benzene and no smoke is produced. If it were found 
desirable to lose less pressure the tips might be artificially cooled^ 
but the writer believes the high pressure best. 

Pbof. Goldsborouoh In order that we may bring this dm 
cussion to a focus I move you that a committee of the Ikstitijte* 
be appointed to look into the matter of supplying stpdard lamps 
to those desiring them, these lamps being compared and stan¬ 
dardized by the committee in such manner as it deems best 
and most accurate, I don’t mean that the Institutr shall ordei. 
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the conimittee to proceed with this work directly, but that the 
committee be directed to take steps toward it, and by consulting 
with the Council determine finally what is the best plan; and 
that this committee be also recognized by the Institute as havino’ 
in its charge and in its care the matter of the development of a 
laboratory for standardizing lamps and instruments. My recom¬ 
mendation is for jthe appointment of a committee which shall 
make its report to tiie Council rather than the Institute. It 
seems to me we can safely place the matter in the hands of a com¬ 
mittee acting with the advice and consent of the Council. 

The PRESIDENT :—The one point to be remembered is that 
this is a matter of ways and means and an expenditure of time 
and money, and that should come from the Council unless the 
Institute is prepared to vote an appropriation. 

1 EOF. Gtoldsboroug-h !— Ihcu 1 should be in favor of empow¬ 
ering the Council to spend such funds on this matter as in its 
judgment is a reasonable expenditure in this connection at this 
time. 

The President: —Will you kindly crystallize your motion then 
and present it to the meeting ? 

f EOF. G-oldsborohgh : —I move that a committee be appointed 
to have in its care the furtherance of the establishment of a 
standard laboratory for testing lamps, instruments and materials, 
and that this committee look into the matter of standardizino* 
incandescent lamps for the general profession, such lamps to be 
compared and standardized by methods which the committee 
shall d^]se. ^ That further this committee shall make its report 
to the Council of the Institde with which it shall advise, and 
the Council is authorized to promote the work of this com¬ 
mittee financially as shall in its judgment seem best. 

Mr.^ Matthews I second that motion, with the idea that the 
committee will take a little broader view of the laboratory than 
expressed in those words. 


Mr. C. W. Eioe:—I would like to ask if that is in a form that 
you yourself say can be carried out. 

* As_I understand it, this matter will be left 

to the Council and this is a recommendation to the Council of 
the sense of the meeting; consequently it remains with the 
Council to say whether they can see their way to carry out the 
wish of the Institute. 

Prof. Coldsbokough:— And that the Institute gives the 
Council tne power to act as far as an appropriation of funds for 
the work is demanded. 

Mr. Ste^metz:— I should however like to amend this re¬ 
commendation to that extent that this committee is empowered 
or requested to confer^ with the large lamp manufacturers so as 
to gam and secure their experience in this line. 

Mb. Eice : 1 should like to amend by including the National 

Jilectnc L%(jht Association. 
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Mr Doake :—And otliers prominently connected with the 
work. 

[Motion adopted.] 

Mr. Hammer :—1 should like to call attention to the fact that 
Mayor Quincy who honored us with his presence the other day ; 
delivered an address in Philadelphia during the recent Franklin 
celebration, during which he stated that Benjamin Franklin at the 
time of his death had left a sum of money to the City of Boston, 
which has since increased I believe to four hundred thousand 
dollars ; and at the present time the]authorities are considering 
seriously what is the best thing to appropriate this money for; it 
has occurred to me that possibly in view of the manner in which 
the Mayor expressed himself the other day it would be well for 
this committee to communicate with him, with a view that 
possibly this sum or at least a portion of it which has been so 
long kept intact and which I understand the authorities are now 
ready to appropriate to some purpose, might be appropriated in 
this direction and it seems to me it would be a most excellent 
way of perpetuating Franklin’s name and fame. 

Mr. Blood: —The object of Franklin was to promote indus¬ 
trial or trade schools for the city of Boston, although it is not 
definitely stated. He gave it to certain clergymen and the 
Selectmen of the City of Boston as trustees and there is great 
trouble here now to determine who should act as trustees. The 
Aldermen claim they are descendants of the selectmen, and the 
Council claim thei/ are, and the Aldermen andCouncilmen so far 
outnumber the three prominent divines that the divines do not 
have the representation that was intended. 

The President If there is no further discussion upon this 
paper we will now pass to the next matter. 

Mr. Hammer:—I move that the Chair appoint a committee to 
prepare a set of resolutions expressive of the appreciation of the 
Institute of the many courtesies that have been extended to them. 

The President :—It gives me great pleasure to put that mo¬ 
tion, seeing that we have received many courtesies through the 
exertions of the Local Committee. 

[Motion adopted.] 

The President :—The Chair will appoint a committee of three 
to draft suitable resolutions to be presented before the close of 
this meeting, that committee to consist of Mr. W. J. Hammer, 
Mr. H. Ward Leonard and Mr. W. D, Weaver. 

Mr. Alton H. Adams then presented the following paper on 

Motor Speed Eegulation.” 




A paper prese7ited at the Sixteenth Ge7ieral Meet- 
iTtg of the A77ierica7i Institute of Electrical 
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MOTOE SPEED EEGPLATrOK 


ALTON D. ADAMS. 


While great advaDces have been iQade in the application of 
alternating machinery, the distribution of power by direct cur¬ 
rents was probably never increasing faster than to-day. 

Tens of thousands of horse power are now delivered by direct 
current motors, and a large part of this work is done at variable 
speed. 

In spite of this extended use, the direct current motor as 
commonly used for variable speed is by far the least ethcientlink 
between the central station engine and the consumer’s machinery. 

This lack of eflSciency is by no means inherent in the motor 
but results from the common method of speed regulation by the 
use of a variable resistance in the armature circuit. 

As the case now stands, the central station furnishes about SO 
per cent, of the power developed by its engines to consumers. 
Manufacturers provide motors of from 80 to 90 per cent, effi¬ 
ciency at full speed and load, and the user in order to regulate 
the speed to his requirements commonly employs a method of 
regulation which reduces the efficiency of his motor to 50, 25 or 

even 10 per cent. ' , . 

Consider for example a motor having an efficiency of 86 per 
cent, at full load and speed, with losses of 3 per cent, in arma¬ 
ture windings, 3 per cent, in shunt magnet winding and 8 per 
cent, local currents, friction and hysteresis. 

Let this motor be loaded to full and constant armature current 
and then regulated for variable speed by a resistance in the arma¬ 
ture circuit. 
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As the energy entering the armature ciicu*t is 97 per cent, of 
that drawn from the line, and the loss in armature winding is 3 
per cent, of the total, this winding loss is .03 .97 — 3.09 per 

cent, of the energy entering the armature circuit. 

The pressure required to force the full current through the 
armature resistance is therefore 3.09 per cent, of the line pres¬ 
sure. 

The counter electromotive force of the armature at full speed 
will be 100—3.09 =: 96.91 per cent, of the line pressure, and at 
one*foiirth speed the counter electromotive force will be 96.94 
"f- 4 = 24.22 per cent, of the line pressure. 

At quarter speed, then, the rheostat in armature circuit must 
consume 100—(3.09 + 24.22) = 72.69 of the line pressure, and 
as 97 per cent, of the total energy is delivered to this circuit the 
rheostat in this case consumes 97 X .7209 = 70.5 per cent, of 
the energy taken from the line. 

Assuming that the losses from local currents, hysteresis and 
friction vary directly with the speed, the losses internal to the 
motor at one-quarter spec J, become (8 4)+ 3 + 3 = 8 per 

cent., and the total losses in motor and regulator became 70.5 + 
8 = 78.5 per. cent., thus giving the combination an efficiency of 
lOo — 78.5 = 21.5 per cent, at one-quarter speed. 

At less than constant torque and armature current, the com¬ 
bined efficiency will evidently be lower than above figures. 

As there are well known methods of speed regulation which 
involve only the small losses internal to motors, whatever the 
speed, it seems that a stronger effort on the part of manu¬ 
facturers to introduce machines with efficient means ot speed 
regulation, would benefit all concerned. 

Two practical methods of motor speed regulation are the 
variation of magnet strength, and the variation in arrangement 
of armature conductors as to each other. 

A rheostat in the shunt magnet winding, gives any desired 
speed above the minimum, with constant armature capacity, and 
two or more separate windings and commutators on the arma- 
ture, give two, three or four times the minimum speed, with 
corresponding increase in armature current capacity. 

The work required of variable speed motors is of three kinds, 
namely, constant whatever the speed, varying directly as the 
speed, and varying directly as same power of the speed. 

These three classes of work are illustrated by machine tools, 
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which reqtiire, when in use, nearly constant power for all speeds,, 
by shafting which consumes power nearly as its speed, and by 
centrifugal fans whose driving power varies as the cube of their 
speeds, friction aside. 

As constant power at all speeds involves a constant armature 
current, it is well provided for by a variable magnet strength to 
correspond with all desired speeds, but special proportions are 
necessary to avoid sparking with a constant armature reaction 
and weak magnets at the higher speeds. 

When the required power and consequently armature current 
varies directly with the speed, the armature reaction, winding 
loss and magnet strength may be held constant, and the desired 
speeds secured through two or more separate windings and 
commutators, provided a reduction of the maximum speed to one- 
half or one-quarter is sufficient. 

If the power and armature current must vary as the cube or 
other high power of the speed, it is well to combine the method 
of multiple armature windings with the variation of magnet 
strength, as the variation of armature conductors which gives the 
desired speed does not in this case afford proper current capacity. 

It is certain that motors constructed far above methods of 
speed regulation will cost more than those of ordinary type, 
whose speed can only be regulated by a resistance in the arma¬ 
ture circuit. 

It is equally certain that the saving of energy effected by the 
more efficient means of speed regulation will soon offset its 

increased cost in any given case. 

Efficient means of regulation in variable speed motors will 
benefit manufacturers through the sale of more valuable machines, 
the consumer by a reduction in power bills and central stations 
and manufacturers alike in the increased use that a large reduc¬ 
tion in the cost of operation will produce. 

Attention is called to these facts, not because they are new, 
but because their importance entitles them to more consideration 
than they have received. 
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Discussion. 

Mr. John B. Blood : — In tins connection I think most every 
•engineer appreciates this paper, and in view of the fact that there 
are BO many methods in the market it is bound not to go without 
appreciation. It is generally found I think that the extra com¬ 
plication for small apparatus will not pay for the economy gained, 
on account of the fact that the total watt hours of small appara¬ 
tus do not figure to any large extent. In this connection 1 will 
mention that there is one method that has not been brought out, 
namely the method of variable electromotive forces. 

There are four methods used to do this work; the methods of 
•auxiliary machines like those of Leonard and Burke, and there is 
one other which has no name; the method of varying the polarity 
>of which there are a great many, Professor Anthony has one, and 
Bauck in (iermanyand Bechniewsky in France and a number of 
'Others. Then the method of two commutators, which has not 
been used much in this country, that gives two speeds, and in 
‘Germany they have combined that with the wariable field to get 
•seven speeds, three in parallel position and four in series position. 
This method is used in connection with water pumping to quite 
an extent, and there usually the two speeds are suflicient without 
the variable field. Then the last method as I mentioned above 
is the method of variable electromotive forces. This has been 
used to some extent in this country and by Mather and Platt in 
their printing presses for cloth. They use three different volt¬ 
ages, combine them in different ways, which gives them with var¬ 
iation in the held strength as they claim, fourteen different speeds. 
In this printing machinery the actual speed is of more importance 
than the efficiency; and efficiency would not be^considered if speed 
could not be obtained. Mather and Platt I understand obtained 
.good results with their apparatus. There are some printing 
machinery plants used in this country with the variable voltage 
method. It is used in Cocheco. The Leonard system is used at 
Pawtucket. The auxiliary machine system where the voltage is 
Taried from zero to the maximum gives the most desirable range 
for cloth printing machinery. 

There is one point in connection with this variable speed, that 
is the torque of the motor is proportionate to the weight, and as 
with a given motor you cannot change design so as to get more * 
than a certain torque, therefore the power at the maximum speed 
is the maximum power. So that in a combination where power 
is constant, independent of speed, you always have as a maximum 
power that obtained at the maximum speed. This is a point 
which is encountered in connection with machine tools, where the 
•speed in cutting is constant, the power is constant and the torque 
will be proportionate to how far the tool was from the center. 
Prop. C. A. Adams: —The shunt motor with variable field 
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gives constant power at all speeds and is the therefore 
natural type for the driving of machine tools, the only 
objection being the narrow range of ^ speeds that can be 
obtained without destroying the commutation. We have in our 
laboratory a 30'"' motor-driven lathe, in which the above method 
is employed, a wide range of speeds being obtained by means of 
Ryan balancing coils. This motor operates sparklessly at all 
speeds and at all loads. It was designed by students. 

[In the absence of the authors, the following paper on ‘^Elec¬ 
tricity in Coal Mining’’ was read by Prof. D. O. Jackson.]. 




A paj>e7‘ j>resented a.i the ibth General Meeting 
of the American Institute of Electrical En¬ 
gineers^ Boston^ June 28th^ i8qq^ President 
Kennelly in the Cihair. 


ELECTHTOITY IX COAL MIX1X(4. 


BY JOHlSr PRICE JACKSON AND FRANK F. THOMPSON. 

The statements in this short paper on the use of eleetrk'ity lu 
mines refer especially to the mining of soft coal, th’ the 
tial elements in operating such mines, two of the most imiiurtaiit 
are: first, apparatus to obtain efficiently tlie rapid LamiUntr of 
the coal; and second, to do this with the least pussihle munher 
of openings. These conditions have evidently been large fai.-tMrs 
in causing tlie application of electricity to such «iperariou>. 

The applications of power to mines, which we wish to con¬ 
sider, are principally for, (a) lighting. haulage. o-i cutting or 
drilling, (d) pumping and dri%’ing fans. 

Systems. —The systems worth considering which arc in !i>e at 

present may Toe tabulated as follows. 

1 . —Eope haulage, and steam for all other purposes. 

2 . _^Electric haulage and compressed air for iUlier purpose'. 

3 _Electric haulage and electricity for other purpose^. 

Various other combinations are. of course, used, hut these 

three will serve the purpose, as representing well-detined types 
Boye Ha^dage and Steam Fov:er.-ln the past, nn.' 11 

has bln the standard, and even yet in many portions 0 . the 
hard coal fields has a very firm hold. Expenence has . mv n 
rope haulage much inferior to electricity m point oi 
economy, as is now being illn^tratea ny m 
tion of electric for rope haulage now going on m the .ott 

^^The Mitchell Coal and Coke Company had two mines run- 
Bing for sole time at Gallitzen, Pa., under exactly similar cir- 
TmCuces, but one using rope, the ePehm 1 ^^^ It 

was quickly proven that the electric was } 
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Steam power for pumps and fans in the mines has likewise 
been shown by experience to have many faults. Timbers along 
which the pipes pass rapidly deteriorate. The piping is expen¬ 
sive to install and can only be kept in good condition by con¬ 
stant attention. If the^ines are long they are a source of large 
loss of power by radiation and condensation, even when well 
covered. They are a nuisance in the mines because of their 
high temperature. The steam motors are expensive from the 
standpoint of repairs and attention. Steam cutting and drilling 
will in most cases prove unwieldly. Mines operated under this 
system are without suitable means of lighting, an important 
matter in rapid operations. 

Electrio Haulage and Gompressed Air Power .—The Berwind- 
"White Company’s mines at Windber, Pa., furnish an excellent 
example of this system, and so far as known it has given com¬ 
plete satisfaction, This plant, which has now six mines in 
operation with an output ^capacity of 5,000 tons per day, is 
eventually to be increased to ten mines with 10,000 tons 
capacity. The haulage in the mines is done by electricity, 
while the drills, interior pumps, and fans are driven by com¬ 
pressed air. The use of compressed air has many obvious ad¬ 
vantages. It is found that .the machinery, working under the 
extremely severe conditions to be found in a mine, performs its 
duty well. It requires little attention and is thoroughly re¬ 
liable. On the other hand, pipe lines in extended mines are 
expensive to lay and keep in repair. The pipes soon deteriorate 
and when the lines are removed from old workings it is usually 
found that much if not all the pipe is in too bad shape for fur¬ 
ther use. 

The flexibility of the system, or its adaptability to quick 
changes, is not satisfactory. 

Eleetric Haulage and Power .—For convenience in discussion 
this head may be divided into two sub-systems as follows 

i^a) Direct currents for haulage and other power. 

(5) Direct currents for haulage, and polyphase currents for 
other power. 

The use of direct-current machinery for pumping and fans 
has not been found satisfactory in many instances. One large 
company after a thorough trial of such apparatus rejected it in 
favor of compressed air. The pumps in a mine are subject to 
only rare inspection and that, oftentimes, by unskilled work- 
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men. These conditions combined with the unfavorable location 
of the machinery vdll soon cause electrical troubles in the com¬ 
mutator, or elsewhere, of the most carefully constructed motor. 
Inasmuch as the stopping of a pump, even for a short time, 
may cause excessive damage, the use of such a motor is a con¬ 
stant menace. 

The second electric system, that using direct and polyphase 
currents has the inherent disadvantage of requiring the instal¬ 
lation of two distinct and separate sets of generators and wiring. 
That is a matter of serious importance as will be indicated later, 
but is neither so expensive nor cumbersome as the piping used 
for compressed air. The great advantage in the use of poly¬ 
phase currents, lies in the fact that they permit the use of a 
motor that is perfectly reliable under essentially all conditions 
of operation to be met with in mining. This compound electric 
system seems without doubt to be the best that can be installed 
for large operations. It comprises the advantages of all the 
other systems while eliminating their most serious defects. A 
system using polyphase currents alone might possibly prove 
more advantageous, but would have the serious defect of re- 
quiring two trolley wires, and even if this difficulty were over¬ 
come it would have to await the development of a polyphase 
motor suitable for a mining locomotive. 

The Davis Coal and Coke Comijany ,—The Davis Coal and 
Coke Company’s plant at Thomas, West Virginia, is so efficient¬ 
ly equipped with this compound electric service as to be worthy 
of a short description. The company operates two mines at 
Thomas, the Thomas drift and the Davis shaft, and one mine at 
Coketon, a drift. 

The power station is a roomy brick building containing an Ames 
200 H. p. engine direct connected to a 150 k. w. 500-Yolt direct-cur¬ 
rent generator; two Atlas cycloidal heavy duty engines of 150 
H. p. one of which is belted to a 100 k. w. 550-volt three-phase 
alternator, and the other to a 76 k. w'. 550-volt direct-current 
generator. The last mentioned generator has been installed 
temporarily in the place of a second 100 k. w. three-phase 550- 
volt alternator which had been operated in parallel with the 
other three-phase alternator. This 75 k. w. machine is used to 
help the haulage generator. 

The coal is hauled by horses from the ‘^rooms’’ to conven¬ 
ient points where it is collected into “trips’’ of from six to 
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twelve “wagons.” The inside haulage motor, a 14-ton a. e. 
T. M. M. 35, takes these “trips” and hauls them to a central 
point of the breast and there they are combined into larger' 
“trips” of about 15 to 35 wagons and hauled to the mouth 
of the mine by another similar motor. Each of the haulage 
motors gives 3,500 lbs. draw-bar pull. At Ooketon, two miles 
away, another 14-ton haulage motor is installed. 

The alternating three-phase generator is used for operating 
three 10 h. p. induction motors for driving small pumps, one 
5-h. p., one 10-h. p., two 20-h. p., and one 30-h. p. induction 
motors for operating elevators ] one 5-h. p. induction motor for 
a car lift; and three o. b. chain coal cutters. The induction 
motors for driving the pumps are located at the foot of the 
side entrance both at Thomas and Ooketon. One 10 h. p. in¬ 
duction motor connected to a pump having a 5-inch suction 
250 ft. long, and a 4-inch discharge pipe Y50 feet long, with 
a total elevation of 28 feet, pumping 106 gallons per minute,, 
was tested and found to take 11,000 watts. Induction motors 
are also used for driving fans, and conveyors which carry the 
slack coal from beneath the screens to the bins where it is 
stored until needed to charge the coke ovens. 

Haulage .—Electric haulage equipments have been so long 
in use as to be now in a thoroughly good state of develop¬ 
ment. Even yet, however, the following faults may be ob¬ 
served in some of the machinery: Poorly acting brakes, un¬ 
wieldy arrangement of the various controlling levers and trolley 
poles, brake rods or other projections too close to the track, and 
unsatisfactory speed and power regulation. Although some of 
these seem of small importance, any one of them is apt to seri¬ 
ously interfere with efficient work. The brakes on a mining loco¬ 
motive should be very powerful and quick acting; likewise the ar¬ 
rangement of motorman’s seat, brake handle, controller and sand¬ 
box lever should be such that the motorman can control his ma¬ 
chine with the greatest possible dispatch and ease. Locomotives 
have been placed in mines with absolutely no provision for the 
motorman, and others where the lever arrangements are so un¬ 
wieldy as to make the quick control necessary to safe operation 
impossible. In large coal operations economy is often to a large 
extent dependent upon the rapidity with which the wagon 
trains can be moved. Heavy grades both in favor of and against 
the load are frequently to be found. In order to draw a large 
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load and make quick time, the design and control of the motor 
should be such as to give an unusually great draw-bar pull at 
low speed, and at the same time have points of ’ comparatively 
high speed. This condition is not properly met at present by all 
■of the mining locomotives in operation. In one mine, which has 
come recently under the writer’s observation, a slightly different 
design and arrangement of control in the locomotive would per¬ 
mit the handling of much larger loads at a great saving. 

The power-house load curves for haulage are naturally very 
similar to those of other electric railway work. Fig. 1 shows 
curves for three stations. Curve No. 1 was taken at the Davis 
Ooal and Coke Company’s mine at Thomas, W, Va., two 14-ton 



locomotives of TO h, p. were in service hauling the regular out¬ 
put which in this case amounted to about 1300 tons per day. 
■Curve No. 2 was taken at the Berwind-White Company’s mines 
at W^indber, Pa. Five locomotives of 12 and 20 tons are in¬ 
stalled in this mine. Curve No. 3 was taken at the Davis Coal 
■Company’s mine at Coketon, T^a. One motor of 14 tons was 
operating at the time. 

Ooal Gutting .—Under suitable conditions under-cut coal cut¬ 
ters will permit a great saving of labor, and therefore of expense, 
in soft coal mining. But in a large number of cases such cutters 
have been thrown out as unsatisfactory and have been replaced 
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by coiBpressed air drills or other apparatus. In mines where^ 
cnrve veins abound they have ordinarily given mnch trouble. The 
cutter strikes the clay vein and sticks, or worse, bends, causing 
it to wedge tightly. This necessitates digging out with the pick¬ 
axe and expensive repairs. The most serious difficulty seems to 
arise from poor mechanical design and construction, combined 
sometimes with electrical faults. It should be possible to over¬ 
come these difficulties. In one mine where great trouble of this 
nature was previously experienced a new set of machines is now 
giving great satisfaction. 



Figure 2 gives the power curve of a 20-h. p. cutter working 
in the mines at Gallitzen, Pa. In cases when under-cutters 
cannot be made to work, there seems no valid reason why elec¬ 
tric drills could not be substituted, which would give as good ser¬ 
vice as compressed air, while at the same time preserving'»the^ 
valuable advantage of an all electrical plant. 

EleGiric Pimips. —Electric pumps run by induction motors 
give very satisfactory service. The conditions met with in 
mining often necessitate frequent re-location of the pumps and 
in this respect the electric pump is by far the most satisfactory.. 
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The attention required is certainly a minimum. A particular 
pump tested ran about ten hours per day, and the only atten- 
tion required was that necessary for starting, stopping, and 
lubrication. Some mine owners have objected seriously to the 
electric pumps. In most cases these objections have been due 
to the compact arrangement of the pump and motor. In one 
mine which came under our observation, a lO-ii. p. pump, which 
was bought with the motor, was replaced by the water end of a 
steam pump with a great improvement in the service. If elec¬ 
tric motors were made to suit the pumps, and not the pumps to 
suit the motors, it would go far toward obviating the most 
serious objections. When the pump must be of large capacity 
and when it can be located within a reasonable distance of the 
steam plant, a steam pump would probably show greater 
economy. 

Wiring and Prensure .—Wiring in mines is subject to cer¬ 
tain restrictions which do not apply in ordinary wiring. There 
is no doubt that the 550>volts used for haulage is dangerous for 
horses. It is therefore customary in many mines to shut off the 
trolley current while the mules are being taken in or out of the 
mines. If a polyphase system is installed for operating cutters, 
pumps, etc., in the mine it should be run through the air courses 
and not through the main gangway. A pressure of 550-volt8 
alternating is much more dangerous than the same direct-cui'- 
rent pressure. The class of labor which is usually employed in 
the soft coal lields is of a low grade of intelligence, and many 
instances are recorded of serious personal injury or loss of life 
from accidental or intentioual contact with the wires on both 
500-volt A. c. and n. c. service. Although the mine laborers 
may have been rej)eatedly warned of the danger, they continue 
careless about the wires. When the mine roof is low enough 
to be reached by the men, the common practice is to run the trolley 
wire along one side supported by the usual 'hangers. When 
feeders are necessary they should be run along the same side. 
The other side of the roof should be kept clear. 

Ordinary bare wire is preferable in mine work. The best in¬ 
sulation, rubber compounds, deteriorate rapidly under the action 
of the sulphur water. Any other insulation soon becomes in¬ 
efficient owing to the moisture which is always present in a 
mine. 

In large operations such as those at Windber, where 20 miles 
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of trolley are already in service, it is undoubtedly advisable to 
use at least 500 volts pressure for haulage. The polyphase 
power should preferably be used at a lower pressure for the 
sake of safety to employees. This could often be done without 
an undue expenditure of copper, by carrying high-pressure lines 
overhead to air ducts, or through unused passages to suitable 
points for distribution, where the pressure could be lowered by 
transformers. When it is necessary to run wires down a shaft 
through which coal is to be hoisted, the best practice would be 
either to use lead covered cable, or wire which has been 
insulated with rubber, heavily braided, and drawn into an iron 
conduit having the ends hermetically sealed. In many instances 
when wires have been installed without such protection, in old 
shafts, trouble has resulted from the breaking of the wires, 
caused by lumps of coal falling down the shaft, etc. 

Skilled JPJmployees '*—Too much pains cannot be taken to 
employ careful men as motormen for the haulage motors. The 
mine track is far from being up to the street railway standard. 
To haul a long trip of wagons over a bad track, requires careful 
handling of the motor. The motorman should be trained to 
study his track and his load, and know when and where to let 
his trip run slack and where to keep the couplings taut. A case 
came under the writers’ observation where a careful motorman 
handled a trip of 15 loaded wagons, while another motorman 
stalled with 10 wagons on the same stretch of track. This 
matter is a very important one from the mine owners’ point of 
view. The cost of driving gangways and shafts is considerable, 
and any method which will allow of an increase in the quantity 
of coal which can be taken from a single opening in a given 
time, adds very materially to the mine owners’ profits. 

Lighting and Signals .—As the lighting of a mine is a com¬ 
paratively simple matter, it is scarcely necessary to consider it 
here. The universal method is to light up all switch points, and 
only other places of exceptional importance. In large mines 
using a number of locomotives, an efficient system of signals 
should be used in the main headings. This should be an auto¬ 
matic block system. Mr. A. 8. McAlister of Windber, Penn., 
has worked out such a system, using incandescent lamps between 
trolley and rails, which is working admirably. 

Efficienoy .—The question of efficiency, from a fuel standpoint, 
is of comparatively small relative value, as the difference in 
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actual cost in fuel in the different systems is insignificant, when 
compared with other expenses. Data available seem to indicate, 
however, that the all-electric systems lead in this respect. As 
regards the total commercial efficiency, including maintenance, 
labor, interest, and depreciation, there can be no doubt but that 
the compound electric system using ^^polyphase and direct 
currents, will give the best results. 

General .—The data and statements presented in this short 
paper are gathered from personal experience in the mines, from 
mine superintendents, and from student thesis work carried on 
under the supervision of The Pennsylvania State College. In 
writing the paper, it was not intended to give a complete 
'detailed treatise on the use of electricity in mines, but to outline 
the most important conditions and facts bearing upon such 
utilizations. 


Discussiox-. 

Me. Elmee a. Speery What few remarks 1 have to make 
are in the line of a plea for simplicity in electric coal-mining in¬ 
stallations. The class of labor employed in and about a mine is 
-such that absolute simplicity is necessary. In regard to accidents, 
I might say that up to two years and a half ago, I think we em¬ 
ployed only 250 volts. At that time there had been no serious 
accidentKS recorded except to mules. Put lately since the 500- 
volt potential has been used, the danger to life has become an im¬ 
portant factor and especially since the polyphase has been intro¬ 
duced. That is especially vicious, and using it as has been at¬ 
tempted in various cases, where the metallic parts of the machine 
.are connected, the motor in some instances is secured solidly to the 
frames of the machines and no insulation is possible, the bare 
metallic parts being directly in contact with the operators. Bare 
wires have to be used as has been indicated in the paper and the 
main lines are very poorly insulated all through. The drippings 
and constant breaking away of the roof and tearing down the lines 
render the insulation at best very poor, making it almost impos¬ 
sible to operate with a polyphase. Sometimes the trouble occurs 
unexpectedly in the middle of a cut. The men that are engaged 
in the operation are often superstitious, and the moment they com¬ 
mence to feel the current they back-away and it is alniost impos- 
.sible to get a machine stopped or started or dealt with in any 
sense. 1 touch upon these matters as showing the difficul¬ 
ties engineers working along these lines have to contend with. I 
should say that the troubles with the pumps and with the con- 
;stant current motors are largely those of overload. The motors 
installed early in the art were usually too light for the work. 
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Someti-mes there is an accumulation of water and the pumps are too 
small to'handle it, and the motors too small for the pumps. Sul¬ 
phur water is a bad thin^ for a pump. As Prof. Jackson says if 
a pump could be made to stand mine service it would be a help. 
If the pump is new it is easy of operation but the corrosion in¬ 
creases and presently the action of the sulphur on the pump makes 
it work twice or three times as hard, and the friction factor of a 
deep mine pump with no suction is always great. The instance 
which is mentioned in the paper where air had to be substituted 
for electricity, was probably the fault of the motor being 
altogether too light for the work. I think for this class of ser¬ 
vice where infrequent attention is given to the apparatus, large 
motors ought to be used and run at slow speed, and ought to be 
capable of doing the work easily. I think that the complexity 
and the added expense of the double system mentioned should b© 
entirely done away with. I do not believe that with proper propor¬ 
tioning and designing, there exists the necessity of such a system. 
And as I said, the most absolute simplicity is the great desideratum. 

Peof. W . y. Aldeich :—There is more promise of the appli¬ 
cation of electricity to coal mining in the development of new 
territory than of old. The prejudices do not exist in opening up 
new mines such as govern the continued use of equipment in old 
mines. Particularly important is the question of throwing aside 
old equipment, standing as it always does in the way of introduc¬ 
ing the new electrical methods, however promising. While several 
changes in power transmission in mining operations have been 
brought about recently, they are chiefly conflned to electricity and 
to compressed air. There is such a displacement going on, how¬ 
ever, that at least one company has not installed a complete corn- 
pressed air plant in the last four years. Electricity has been 
introduced successfully and it is practically the only means of’ 
transmitting power that has been introduced to develop aban¬ 
doned coal mines, i.ower veins have been thereby opened up 
that under the old methods were too expensive to work. Where 
working expense is limited, electricity is adopted. With regard 
to pumping, it is successfully performed by induction motors of 
course directly connected with centrifugal pumps or to triple¬ 
plunger pumps. The difficulties of electric pumping, however, are 
not entirely met by the induction motor, and one feature of this 
has been brought to our attention in this paper in the matter of 
standard sizes. There are engines in the market and there are 
pumps. There is no standard size of pump, no standard size of 
engine, of motor or of dynamo that will enable you to put such 
units together and have them work with best satisfaction. As- 
long as each manufacturer has his own standards of fixed sizes there 
seems to be little hope of avoiding this difficulty. Professor Jack- 
son says that in large pumps greater economy will be shown, but it 
is not stated whether these are to be of the ordinary direct-acting* 
non-expansion type or whether they are to be of the more care¬ 
fully designed triple expansion type, it is well known that the 
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ordinary direct-acting steam pumps consume anywhere from 120 
to 300 pounds of steam per horse power per hour. The fact is that 
stationary compound and triple expansion pumps whether placed 
near or far away from the boiler, can be economically operated 
above ground ; but these seem not to be capable in their usual ar¬ 
rangement below ground, of obtaining anything more than an 
economy from 20 to 80 pounds of steam per horse power per hour, 
corresponding to a duty of from 95 to 65 million foot pounds of 
work per miilion British thermal units. It would be a very poor 
electric installation that could not come up to that, even with a 
much smaller sized pump. It should be noted that the compound 
triple expansion pumps are in large units. 

The largest of compressed air installations are now in use 
particularly in the anthracite fields where ventilation is so much 
needed. It has been found that mechanical circulation of air is 
better than to depend for ventilation upon air exhausts. In 
fact, it is better to get what you want directly than indirectly, 
better to have fans and a blower system than depend upon the 
exhaust from your air motors. 

There is but one coal mining plant in "West Yirginia that is 
using at the present time a direct current 500-volt transmission, 
that of the Crozer Coal and Ooke Co., Elkhorn, W. Va. The 
three-phase system has been installed, as far as the writer knows, 
at only five plants, namely: Columbia Gas Coal Co. ar, West ISTew- 
ton, Ba.; The Hutson Coal Compay, Deerfield, Ohio ; J. W. Ells¬ 
worth & Co., Hartford, Ohio; Davis Coal and Ooke Company, 
Thomas, W. Va.; Sterling Mining Co., Kennetta, Ba., and there 
have been no further alternating current installations since that of 
the J. W. Ellsworth & Co. eighteen months ago. 

Mr. a. D. Adaxs: —It seems to me that in the eye of the 
average mechanical engineer the saving of a little or a great deal 
of copper occupies an undue space, and ‘my observation of the ap¬ 
plication of electric power to industries is that there is too much 
of a tendency to run up the voltage. The difidculties of insula¬ 
tion are always with us, and we have sometimes found it better 
and often thought it better to put up with a rather larger invest¬ 
ment in conductors, and a less investment in maintenance of insu¬ 
lation. I don’t know much about coal mining but I think 
possibly that same state of affairs has a bearing upon that subject. 

Mr. Sperry I think it would be safe to state an axiom that 
the miner’s principal consideration of econoiny in the pump is to 
get there. He has to have something in this line that is absolutely 
to be depended upon and the matter of _ 60 pounds of coal or 
any other number of pounds referred to in this discussion is so 
far left by the other considerations that I tbinb they need not be 
primarily considered in reference to mining pump installation. 
In some of the big anthracite mines it is simply a matter of shut¬ 
ting down the mine if water is not taken care of promptly. 
With the present scheme of “sumps” the matter of drowning 
out a pump is very unusual. 
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AIR-GAP AND CORE DISTRIBUTION. 


Tiik Maonk/fh; Fijix and Its Kfffait Upon tiik Rkgulation 
AND EpFHnFNPY OK I )YNAM(>~ELK<FiTM(') MaDHINKRY. -II. 


BY W. KDWKIJi (}<)LI)SP»OROU(ni. 


Tlic exact analysis of prohlettis, tlu^ solutiDii of whicli depends 
upon a knowl(idi!;(‘- of tlic a<*.tiial distribution of the magnetic liixx 
in masses of iron, seenis to liave receivcul scant attention if wo 
jndge tlu^ i)refi(mid(W(dopment of the design methods in use, by 
tbc writings of Esscug Kapp, S. P. Thompson, Hopkinson, Elilni 
Thomson, Ryan, and many more of our engineers who have 
instructed us so well in other and intricate^ matters pertaining to 
the elTicient construction of ole<dxical nuudiinery. 

The only rofenmee to researclu^s Ixni-ring <lirectly upon this 
subject known to the writer was made by W. M. Mordey <Uiring 
his Vliseussion o( Dr. dolm IlopkiiiBoifB paper on tlie Propaga¬ 
tion of Magnetism in IroiP" before th(‘. fiidiPdfwn t>f Kleeirieal 
MMfwvtfB, lie stated tluit soino sevmi or eight years ago lie 
made a test with tlie objiatt of lindiTig whetluu* tlic peneiraiion 
in laminate*! iron took place evenly over the whole area of the 
Bhe(d. Although tlu^ hutgth of curtain paths of th(‘, magnetic 
parts wuH n(n*,csHarily greater than otluu’s, he lound the magnctici 
density uniform. *IIe accounted for it by assiiming that any 
tendency to a gr<‘atcr <leimity h\ on*'! place won hi be c.onntcractod 
by the relatively stronger pm-meahility elsewlKU’c. 

I am not informed as to tlu^ (diaracter ot the apparatus whicdi 
Mr. Mordey use*! in obtaining his rcisults, nor am I sure that ho 
performed Ids exjKunmeidH with tlx^. end in view of investigating 
the subject from tlie staiulpoint from winch it is taken up in this 
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Pig. 1. Showing the calculated distribution of the magnetic flux in an armature core under three conditions. A. — The disiribuLiun due to the field 
ampere turns acting alone. 5—The distribution due to the armature ampere turns acting alone, O—Distribution due to the combined 

action of the field and armature ampere turns. The numerals give the values of the flux density in centigausses. 
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paper. Certain it is, however, that all theoretical considerations 
point to the fact that, as nsed in electrical apparatus, laminated 
iron is not in general so placed as to warrant the assumption that 
there is an even and uniform distribution of the flux in planes at 
right angles to the direction of the flux paths. 

In many instances where the iron is not subject to cyclic fluc¬ 
tuations in the intensity of the magnetic lines, variations in the 
density in planes at right angles to the mean path of the flux are 
unimportant; but is this true in the cases where masses of iron 
and steel are made to revolve in strong magnetic flelds^ or, where 
fields of flux are induced in masses of iron by coils excited 
from sources of alternating e. m. f. I 

In discussing this matter, suppose we consider the condition 
existing in the armature core of a six-pole, 110 k. w., railway 
generator, a half-section through the armature and field ring of 
which is shown in Fig. 2. I have shown in section a, of Fig. 
1, by the dotted curve extending across the pole-face, the air-gap 
distribution of the flux at no load. It is practically uniform 
over the pole-face owing to the toothed armature construction 
and the relatively narrow clearance space. Inasmuch as only a 
little over one per cent, of the total field ampere-turns are used 
in forcing the flux through the armature core and 73 per cent, 
is needed to force the flux through the double air-gap, the 
assumption that the surface of the armature under any pole-face 
is an equipotential area is admissible. The problem of deter¬ 
mining the exact position of the flux-paths, and the density at 
various points in the plane of the section then resolves itself into 
a problem of dividing that portion of a lamina that lies between 
the center lines of two adjacent poles into paths of equal mag¬ 
netic reluctance connecting equipotential surfaces. 

The pole-face over section a, of Fig. I has been divided 
parallel to the shaft, into 10 equal strips, and these have been 
projected upon the armature surface as shown. The dotted lines 
joining the pole-faces through the armature show the dividing 
lines between the paths of equal reluctance. These paths have 
been determined by first equalizing their reluctance on the basis 
of a permeability of the iron of unity, and then making the 
necessary connection for the variations in the permeability of 
the iron with the varying densities by successive trial. Since 
each of the paths has the same reluctance, and is influenced 
by the same m. m. f., acting at its terminal points, the same 
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number of webers passes through each path and the number of 
gausses at any point on the center line of a path is equal to fhe- 
ilux per path in webers divided by the width of the path in 
centimetres at the point considered. The arrows drawn in sec¬ 
tion A, show the direction taken by the flux at as many points, 
and tlie numbers indicate the densities at the center of the arrows 
in eentigausses. The magnetic density in the iron near the inner 
surface of the core on the.dotted line between sections a and c 
is a little less than 3,000 gausses, while the density in the iron 
just below the teeth on the same line is a little over 21,000 




Part 1. Part 2. 

Pig. 3. Core Distribution Curves and Hysteresis Core Loss Curves. 


gausses. At no load the flux paths are symmetrical about the 
section lines, except in so far as they are distorted by being 
slightly depressed under the leading pole tips l and raised 
under the trailing pole tips t as each molecnle of iron is 
carried through the cycle of the hysteresis loop by the 
rotation of the armature. The arrows passing through the small 
circles indicate the points of maximum density in rings hav¬ 
ing radii eqnal to the distances of these arrows from the center 
o. In other words a molecule of iron is subjected to the greatest 
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mas^nGtic stress when it passes under one of these arrows. The 
arrows are supposed to maintain fixed positions relatively to the 
poles, while the armature core rotates. Projecting the maximum 
density points of section a circumferentially on a radial line, 
and transferring them to Fig. 3, we obtain the curve a, Fig. 3, 
part 1. This curve shows the maximum core densities occurring 
in the iron at points having different radial distances from the 
center of rotation. The ordinates arc expressed in Idlogausses 
and the abscissae in inches. The distance {s-f) is the depth of 
the slots; the distance {t-u) the depth of the core iron below the 
slots. The magnetic density of 8,000 plotted over {s-t) is the 
average density in the teeth and slots; the actual maximum 
density in the teeth at no load being 20,600 gausses. In laying 
out the equal flux paths of Fig 1, allowance was made for the 
difference in the actual magnetic density in the iron of the teeth 
and the average magnetic density in the teeth and slots, by re¬ 
ducing the depth of the slots and increasing the length of the 
clearance space by an amount equal to the length of an air path 
having a width equal to the polar are, and a reluctance equal to 
the reluctance of the path through the teeth and slots. 

To determine the hysteretic loss occurring in the part of the 
core below the slots from the distribution curve a of Fig. 3, the 
ordinates of the curve a were raised to the 1.6 power of tlie den¬ 
sity which they represent, and then reduced in the ratio of their 
distance from the center of rotation to the distance of the point 
t from the center of rotation. In this way the curve e, figure 
3, part 2, was obtained, the area of which is proportional to the 
hysteretic loss in the core. The correction for the difference in 
the distance from the center o of the successive points of the 
curve A is necessary, as the volumes of the rings which the densi¬ 
ties influence vary 51 per cent, between the outside and inside 
rings. We therefore find that with the distribution given in 
section a of Fig. 1, the core loss due to hysteresis will be 663 
watts. 

If we follow the usual practice^ in making these calculations, 
and assume that the flux in passing between the poles spreads 


1. Dr. John Hopkinson, “Philosophical Transactions,” of the Royal Society. 
May 6, 1886. 

Gisbert Kapp, “ Dynamos, Alternators and Transformers,” p. 242. 

S. P. Thompson, “Dynamo-Electric Machinery,” p. 176. 

Ryan and Macomber, “ Sibley Journal,” Jan., 1897, p. 125. 
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evenly over tlie core, tlie density in tlie core will be 7220 gausses 
and the core loss 492 watts, than wliicli the value given above is 
Jir) per cent, greater. (See curve h.) Apparently, therefore, if 
we admit the basis upon which these calculations have been 
made to be correct, the methods at present in use give erroneous 
results. 

The discrepancy between the two methods, however, is greater 
than the considerations so far presented would lead us to sup¬ 
pose. in general it is assumed that if the total effective field 
ampere-turns im])ressed on tlie magnetic circuit are kept at a 
constant value, if the difference between the armature back 
ampere-turns and the total impressed field ampere-turns is kept 
at a c.onstant value, the armature losses, in the part of the core 
that is below the slots, will remain constant in value from no 
load to full load. 

With a view to investigating this ])oint, suppose we consider 
the (dle(ds prodiuicd by the cross-magnetizing armature ampere- 
turns when the field circuit is open and the armature coils are 
8(^I)arately excited. (Inder these conditions, as shown in section 
n ol Fig. 1, a, fiehl will he s(‘t up through the trailing ])ole-tip 
T, a('rosH the air-gap; through the armature core; and hack 
across the air-ga|), up into the leading p.ole tip, l. The ampere- 
turns a,(‘ting to set up this fhdd, will he zero about the center 
line of tln^ pol(‘-fa,(‘e, hut gradually increase to a maximum under 
the pohstips. The m. m. k. acting on the core paths between the 
two lialves of tln^ pol(‘-ht<tc, will be proportional to the ampere- 
turns, a,ml if patlis he tracual through the armature core, eon- 
ncM'ting ])oint8 on ciither buU) of the center line of the pole-face 
and having a constant reluctance, the average flux density per 
path will 1 h‘ proportional to the m. m. f. impressed upon each 
|>ath, and a halaiu'cd syst(‘ni of fonais will he estahlislicd in the 
a,rmatur(^ (^ore. The paths tracmd in section o have been cal- 
cuhit(Ml, with due referema^ to the permeability of the iron at 
dilleixnd; densities, to fulfil this (‘ondition; and the densities as 
indicated by the mimhers over the arrows, have been determined 
as being the actual (hmsitit‘s set up in the core by the cross-mag¬ 
netizing anipere-turns. Owing to the fact that the m. m. f. 
suding on the longest path has the greatest value, the arrow 
points of inaximiim circumferential density all fall in this path. 
When these points are projected on the center line, and the 
values they roprosont transferred to Fig. 8, we get the curve b 
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which gives the values of the maximuru derisities through which 
the iron passes as it is revolved under the poles. In calculating 
the hvsteretie losses that will take place in the core with 
separate armature excitation, we get curve f, obtained from 
curve B in the same way that curve e was obtained from curve 
A, and find that the core losses will amount to 114 watts. 

Now to determine the distribution in the core at full load, 
when the total effective field ampere-turns are kept at the no- 
load value, we must combine the results already obtained and 
recorded in sections a and b of Fig. 1. This was done, and each 
of the arrows of sections a and b were pi'operly transferred to 
section c, and the vector sums taken. As examples, vectors / 
and c were combined as shown to obtain vector r, and vectors 
g and d were combined to obtain vector s. Again it must be 
noticed, that vectoi-yis numerically equal to vector y and vector u 
is numerically equal to vector d, but owing to the difference in the 
angular positions they assume when combined, vector r has a 
value 29 per cent, greater than the value of vector s. It is also 
interesting to notice that as the load comes on the machine, 
the density at the point / gradually increases, with constant 
effective field excitation, from 4400 to 5800 gausses at full load ; 
and that an increase of 32 per cent, in the flux density at this 
point, has produced an increase of 55 per cent, in the core losses 
per unit volume for all iron at a distancey-o from c. 

These same considerations apply to all the points in the arma¬ 
ture core to a greater or lesser degree, and result in giving an 
entirely new distribution of the flux in the core. The points of 
maximum radial or circumferential density are also changed, and 
we find them located under the trailing pole-tip t of section c, 
in the upper part of the core, and under the leading 
pole-tip L, in the lower part of the core. If we project 
the maximum density points upon the center line and 
transfer them to Fig. 8, we get now the curve o, the curve of 
maximum core densities at full load. Calculating the hysteretic 
losses, we get the curve a, and finally determine the full load 
loss to be 830 watts. Between no load and full load, therefore, 
while the total flux entering the armature per pole is maintained 
at the same constant value, the hysteretic loss in the core would 
seem to, increase from 663 to 830 watts, or 25 per cent. And if 
the final value of 830 watts is compared with the uniform den¬ 
sity value of 492 watts, we see the discrepancy in methods is 
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reallj miicli greater than at lirst seemed probable, being 69 per 
cent, instead of 35 per cent. 

Of course these valnes refer only to the losses in tlie solid 
part of the core below the teeth. The hysteretic loss in the 
teeth at no load is 132 watts, and at full load 246 watts, owing 
to the change in the density under the strong or trailing pole 
tip ; and an additional 27 per cent, must be added for eddy- 
cu]*rent losses. The total armature core losses at no load are, 
therefore, 1000 watts and at full load 1370, and the real increase 
in the total core losses from no load to full load is 87 instead of 
25 per cent. 

The increase in the core loss with the load which these calcu¬ 
lations show, probably accounts in part for the failure of many 
machines to come up to the expectations of their designers, and 
certainly presents an interesting field for speculation. With each 
change in the depth of the core, the core distribution of the flux 
changes. With each modification of the percentage of the arm¬ 
ature covered by the poles it changes. With each modification 
of the armature winding, the distribution of the flux in the core 
changes. All these matters have a direct bearing upon the core 
losses, and are interesting as problems. 

In Fig. 2 the results obtained in connection with Fig. 1 are 
displayed. The equal flux paths traced between the poles have 
been carefully located with reference to the full load flux distri¬ 
bution, and without reference to the direction of the vectors. It 
will be seen, however, that the black vectors on the right, wliicli 
are the same as those of section c, Fig. 1, follow quite closely 
the direction of the paths as is to be expected. On the left of 
Fig. 2 the trace is shown of only the maximum density vectors, 
to the end of bringing out more clearly the effect upon the core¬ 
distribution of the armature ampere-turns. It will be seen that 
they have the effect of forcing the flux toward the bottom or 
inner periphery of the core under the leading pole-tips and of 
crowding it upwards toward the outer periphery of the core un¬ 
der the trailing pole-tips. Accordingly, the maximum density 
curve 0 of Fig. 3 has an area a number of per cent, greater than 
the area of a similar curve plotted from densities taken in a 
plane at right angles to the direction of the flux. In other 
words, the area of the curve c represents a greater amount of 
flux than really exists in the armature core. 

The regulation of the machine here discussed is modified to 
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some extent by tlie effect of the saturation that occurs in the 
teeth and cast-iron pole shoes, so that the full load air-gap distri¬ 
bution is better than that shown in section c of Fig, 2, but for 
the sake of simplicity in taking up the subject for discussion, all 
modifying factors of this character have been eliminated. 

Vith the end in view of obtaining experimental evidence of 
the correctness of the method of determining core losses that has. 
been outlined above, two of my students, Messrs W. T. Hensley 
and E. B. Kirk, constructed a special piece of apparatus. As. 



View of Apparatus. 

shown in the illustration contained in this paper it is an electro¬ 
magnet, resembling as much as possible one pair of poles of a 
multipolar dynamo with a section of the armature. The arma¬ 
ture is of rectan 2 :ular form. As the flux divides to right and 
left under the pole face of a multipolar machine each pole of the 
magnet was made to represent half a pole of a dynamo. 

The magnet is built up of thin plates of transformer iron,, 
.015^'' thick. Working drawings of the magnet and its parts are 
shown in the plates following. 
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The core and armature are made up of 180 of these lamina¬ 
tions held hy two side plates, each of the same surface dimen¬ 
sions, hut 3-16" thick. The whole is fastened together in both 



Fig, 4. Armature of apparatus used to determine the distribution of the 
magnetic flux in laminated iron cores. 
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Fig. 5. Field yoke of apparatus used to determine the distribution of the 
magnetic flux in laminated iron cores. 


armature and core by means of rivets. 

A series of boles were bored in the armature, perpendicular 
to the side faces. They are .089" in diameter and plaeedin rows 
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at right angles to each other, 5-8" apart either way. Exploring 
coils of five turns each were wound in each pair of holes, rnaldng 
29 conductors in each pole. Double silk covered wire was used. 

Before winding the armature it was placed in a coil oven and 
baked for twelve hours in order to rid it of all moisture. To 
insulate the sides of the armature and to keep the ends of the 
coils from coming in contact with the armature iron, side plates 
of wood fibre were put on, holes being bored in them, corres¬ 
ponding with those in the armature. Tlie winding was then 
made by threading the holes with the wire by means of a long 



Fig. 6. Chart showing the direction and intensity of the armature Jinx de¬ 
veloped by poles placed at either end of the armature core. 

Length of single airgap, about .015”. Field 
ampere-turns. 1405. 

slim needle. Each coil was tested for grounds and short-circuits 
when the winding was completed. 

The field winding of the magnet consists of eight coils which 
were so designed that when placed in a series the magnet could 
he energized from 110-volt mains and when connected in parallel 
it could be used with as low a voltage as 7.5. 

As it was very necessary to know the exact area enclosed hy 
each exploring coil, the distance between the edges of the holes 
was accurately measured. The exact area was then determined, 
where the holes were not parallel, by finding the area of the par- 
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Fig. 8. Vertical components of flux in the armature when excited hy poles 
placed at either end. Length single airgap, about .016". Field 
ampere-turns, 1405. 
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allel part and the area of the trapezoid and taking their snm. 
The holes were parallel to a depth of 1.72", but for the remain¬ 
ing distance the area was a trapezoid. Knowing the area en¬ 
closed by each coil, corrections were made for the readings from 
each coil. 

The armature was made deep in order to magnify the distor¬ 
tion of the lines of force which it was thought would occur. 
The distribution was studied in the armature alone as the distri¬ 
bution in the armature core of a dynamo is the important 
element in calculating the core losses, whereas the field core 
distribution is unimportant. 

The terminals of the exploring coils were brought up to 


POLE 


6260 

6aoo_ 

7260 _ 

2215- 

2122- 



II 

f 

% 


-££00 

-5111 

26S0_ 

_8945_ 

6270 

6800, 

7200 

7175, 

7522- 

7225- 



il 

1 





J880_ 


.£4£o 

75^ 

7340, 

638Q_ 

6222- 



iP/ 

II 

Tl 





_6^ 

jaoo 


jooo. 

_5170_ 

4870 

4522- 

JSSS- 


f 

1/ 

\i 





4885 

5060 

-£o£o 


_2300_ 

^a50_ 

3170, ; 



i/ 

§1 

\i 





-^!21 

-S£55_ 


■f 

1375^ 

1755- 

1222- 



f 







-1S60_ 

••J552. 




1555- 





f 

\i 















4/ 

> 


X 







Fig. 9. Chart showing the direction and intensity of the armature flux, when 
one pole is acting at the center of the armature. Airgap, .0612". 

Field ampere-turns, 1875. 

mercury cups in a board above the armature. These were 
arranged in such a way that any coil could be put, when desired, 
in series with a ballistic galvanometer, the terminals of the galvan-’ 
meter being simply placed in the two mercury cups containing 
the terminals of the coil. 

Since the coils were wound in planes perpendicular to each 
other they afford a means of determining the horizontal and 
vertical components of the density. Hence, the vector sum of 
the components at a given point is the actual density at that 
point and the direction of the vector resultant is the direction 
of the flux at the point. 
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The intensity of the magnetism at the center of the area en¬ 
closed by each four holes was determined by taking the mean 
of the readings from the (n)th and (^> 2 .-l)th vertical coils and the 
mean of the readings of the (m)th and (m-l)th horizontal coils 
of the (y)th vertical and (aj)th horizontal rows. The vector sum 
of these means gives the intensity at the point considered, and 
unless the curves for the horizontal and vertical components are 
extremely irregular from point to point, the method gives a very 
close approximation to the correct value. 



Fig. 10. Curves showing actual density in the armature, with one pole at the 
center of the armature. Plane of field yoke at right angles to plane 
of armature laminae. Air-gap, .0612". Field ampere- 
turns, 1876. 

‘ The width of the face of the armature in contact with the 
poles was practically the same as that of the poles, hence the 
component of the magnetism perpendicular to the side faces was 
taken as zero, since the sides of the armature are parallel also. 
Correction was made for the distortion due to the holes contain¬ 
ing the exploring coils as follows: 

The actual area enclosed by a square having for its vertices 
the centers of four of the holes was found and the side of the 
equivalent square was determined. Tlien the ratio of the actnal 
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distance between the inner sides of the two holes from one an¬ 
other to the side of the equivalent sqnare was taken as the cor¬ 
recting multiplier for the holes. 

Correction for lamination was made as follows: 

Weight of armature if solid, 24655.3 grams with wrought-iron 
at 480 pounds to the cubic foot. 

Actual weight of armature, 21437.64 grams. The ratio of 
these weights, .87 is the proportion of iron in the armature. 

The gentlemen who constructed this apparatus also obtained a 
series of experimental records under various conditions of work¬ 
ing, and their results are shown in part, in Tigs. 6, 7 and 8. 
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Fig. 11 . Chart showing the direction and intensity of the armature dux, 
when one pole is acting at the center of the armature and in¬ 
fluenced by the armature cross-magnetizing turns. Air- 
gap, .0613". Field ampere-turns, 1875. Cross- 
magnetizing ampere-turns, 540. 

The experimental work was completed by Messrs. F. Maze and 
0. Williams, during the past spring, and some of the resnlts 
obtained by them are shown in Figs. 9, 10, 11, 12, 13 and 14. 

The resnlts, as they are presented, indicate so clearly the con¬ 
ditions which obtained in each case, that it is hardly necessary 
for me to add a word in explanation. 

Fig. 8 is directly comparable with section a of Fig. 1. It 
represents the conditions existing in a machine in which the 
poles cover 65 per cent, of the armature, however, instead of 80 
per cent., as in the case of Fig. 1, and differences are noticeable 
accordingly. For instance, the curve of maximum density 
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distribution for Fig. 8, is plotted as curve d, Fig. 3, and it is 
seen that the changes in the flux distribution are hardly so 
abrupt as in the case of curve a. The ratio of the maximum 
to the minimum density of curve d, is 9, while tlie ratio of the 
maximum to the minimum ordinates of curve a, is 7. The ratio 
of the hysteretic loss that would occur in an armature having a 
core distribution like that of Fig 8, to the hysteretic loss calcu¬ 
lated on the assumption of a uniform density in the core, is 1.23. 



Therefore there is a difference of 23 per cent, in the experi¬ 
mental case, as compared with 35 per cent, in the calculated 
case. This difference is due to the fact that the shortest path in 
Fig. 8 is proportionally longer than the shortest path in section 
A, of Fig. 1, and to the fact that the armature of Fig. 8 has an 
infinite radius, and therefore the areas of least density rank 
equally with the areas of high density in calculating the 
hysteretic losses, where, as in Fig. 1, the areas of least density 
are only 54 per cent, as effective as the areas of high density. 
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The trace of the equal flux paths iu Fig. 8, is made by the 
dotted lines connecting the pole-faces. 

The curves of plates 7 and 8 are also very instructive in 
throwing light upon the matter. They bring out clearly the 
crowding of the lines of force together as they pass the corner 
positions of the poles, making the maximum density occur at 
the sides, rather than at the mid-point between the poles. 

The results pictured in the figures so far discussed, were 
obtained with the two poles of the yoke acting on the armature 
.section as shown, and without any effort to produce cross- 
magnetizing armature effects. 
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Fiu. 13. Chart showing direction and intensity of the armature flux, when 
one pole is acting at the center of the armature, and the armature 
is powerfully cross-magnetized. Air-gap .0613''. Field 
ampere-turns, 1875. Armature cross- 
magnetizing turns 1170, 

In the succeeding figures the plane of the poles is at right 
angles to the plane of the armature laminae. The armature is 
extended by side bars and a back bar, into a rectangular con¬ 
struction across which the pole yoke bridges. It is this arrange¬ 
ment of the apparatus that is shown in the illustration of the 
apparatus. 

Figs. 9 and 10 show the character of the flux distribution 
under the pole face when the field coils are acting alone. In 
this case the symmetrical arrangement of the curves indicates 
that the flux divided about evenly, and that the return paths to 
right and left have about the same reluctance. It is noticeable 
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here as in Fig. 8, that the maxiinnm density occurs at the pole 
■corners, but it falls oft* very much more rapidly between the 
poles, as the arrangement of the apparatus admits of only about 
14 per cent, of the armature surface being covered by the pole- 
faces. The bunching of the curves i, ii, in and iv, at the sides, 
-and of the curves v, vi, vii, and vm at the lower corners of Fig. 
10 is due both to the presence of the rivets at the sides which 
hold the armature stampings together, and to the fact, as shown 
by a special test, that the magnetic joints between the armature 



and end bars was better at the top and bottom than at the middle 
of the ends of the armature. 

Win Figs. 11 and 12 the effects of cross-magnetizing currents 
impressed upon the armature rectangle by means of coils wound 
around the armature and evenly distributed along its surface are 
very well exhibited. The armature ampere-turns were arranged 
to act in one direction only so as to create a field in the armature 
rectangle without influencing the field yoke. The effect (see 
Fig. 12) was to markedly distort the core distribution in what 
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would be the direction of rotation in a dynamo ; to weaken the 
field under the leading pole-tips and to throw the flux towards 
the bottom of the core. Under the trailing pole-tip just the 
opposite effect is noticeable, and the special features discussed 
in connection with section c, of Fig. 1, are all present here. In 
Fig. 11, the arrows bring out strongly the directions taken by 
the lines of force issuing from the pole-face. Inasmuch as the 
pole flux is compelled to separate equally to the right and the left 
the superposition of the horizontal components of the armature flux 
upon the pole-field vectors is well illustrated, and a strong simi¬ 
larity can be traced between the effects shown here and those 
previously calculated. 

By doubling the cross-magnetizing effect of the armature 
ampere-turns all of the effects just noticed were brought out 
much more strongly. From Fig. 14 it will be seen that the flux 
density at the lower right hand corner of the armature was raised 
to two-thirds of the value of the flux in the upper courses, and that 
on the left hand side the flux has been thrown into the lower 
courses to so great an extent that the density is four times 
greater at the bottom of the armature than it is in the left hand 
upper corner. In this latter case the total flux permeating the 
armature core is about 2.2 more than that set up by the field 
ampere-turns acting alone, or the armature ampere-turns set up 
through the armature rectangle, a field equal to 1.2 times the 
flux set up in the field coils by the field ampere-turns. The con¬ 
ditions here present are similar to those existing in the older 
types of dynamo machines in which the field under the leading 
pole-tips became zero or was reversed by the cross-magnetizing 
effect of the armature ampere turns. 

"When the armature ampere-turns were alone excited it was 
found that the distribution of the flux over a section of the arm¬ 
ature core, taken at row number 9 or 10, and at right angles to 
the direction of the flux, was perfectly uniform. 

Purdue University, 

Lafayette, Ind. 

June, 1899. 
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Discussion. 

Me. Steinmetz : — This paper of Prof. Goldsborough appears to 
me a very interesting investigation on the topic of magnetic flux 
distribution in dynamo electric machines, and I believe a very 
valuable contribution to our knowledge on these subjects. Ob¬ 
viously the paper does not intend to give final numerical values, 
hut merely to draw attention to some effects existing to a greater 
or less degree in the armatures of electric machines, consisting 
essentially in an unequal distribution of the magnetic flux, at no 
loads, and a change of the distribution of flux with changes of 
loads, both effects acting to increase the loss of power in the 
armature over that calculated under the assumption of uniform 
density. 

Let us see, however, what conclusions we can draw herefrom. 
As you know, it is customary to calculate the magnetic core 
losses in such machines under the assumption of uniform mag¬ 
netic density, and then to multiply the calculated value by an 
experimental factor, which makes an allowance for losses in the 
metallic parts of the armature structure which are near the mag¬ 
netic field and are necessary for mechanical construction. If 
now with the constants used in actual machines, the effect con¬ 
sisting in the increase of the core Joss due to unequal distribution 
of flux is considerable, it would follow that with increasing thick¬ 
ness or depth of the armature core, the factor would increase, the 
distribution of flux becoming more unequal. Experience has 
shown, however, that those machines in which the core loss is a 
very large part of the total loss, and can be thus accurately deter¬ 
mined, no effect of this kind appears of a magnitude sufficient to 
make itself felt without special investigation, so that it appears 
that with the relative dimensions used in most machines the effect 
is of small magnitude, although undoubtedly existing to some 
extent. 

As well pointed out in the paper, the effect of unequal distri¬ 
bution of flux at no loads, depends on the constants and relative 
dimensions of the machine, as the depth of the armature core and 
the distance between the pole corners and the pole arc. Machines 
with the armature iron extending down to the shaft, and poles cov¬ 
ering 80 per cent, or more of the pole arc, will show the effect 
more than machines having shallow armature cores and long dis¬ 
tance between the poles, in which latter no notable effect due to 
an unequal distribution of the ipagnetic flux should be expected. 

Coming now to the second point, the increase of the inequality 
of the distribution of the magnetic flux with the increase of load, 
this effect naturally depends on the unequal distribution at no load. 
In those machines where the flux is uniform at no load, the change 
in the load will not change the distribution noticeably, while m 
machines with very irregular flux distribution at no load, con¬ 
siderable changes with the increasing load may be expected. 
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Furthermore, however, this change of distribution with the 
load depends upon the relative proportion of armature reaction, 
that is, mameto-motive-force per pole of the armature, to neia 
excitation; that is ampere-turns per held pole, or rather ampere- 
turns consumed by the main magnetic flux m armature core, 

In machines of large armature reaction, this effect is obviously 
greater. It is due essentially to the variation of the m.m.f. of the 
armature which differs from point to point, due to the distribution 
of the armature m.m.f. over the whole surface of the aimature. 
Thus this effect does not exist at all in those machines where the 
armature m.m.f., that is, the armature conductors are massed m 
one slot, or two slots in a quarter-phaser, three slots in a three- 

^ In these machines the resultant of tlie m.m.f. of the armature 
and that of the fleld, and thus the total magnetic flux and the 
distribution of the magnetic flux in the armature core is the same 
at no load as at full load, assuming the same induced e.m.f. In 
these machines you will And no increase of the density or change 
of the distribution of magnetic flux, outside of a magnetic flux 
of greater or less magnitude which passes in a local circuit at the 
armature face across the opening of the slot, due to the armature 
self-induction, but which does not increase the flux in the arma¬ 
ture core, and thus usually introduces a relatively small load loss 

^°^hat I w-ant to bring oilt is, that this paper, while it is 
extremelv valuable, must not be taken as giving exact values, 
since in this case it might be misleading by letting the reader 
believe that there is necessarily a very considerable and serious 
increase of core loss from no load to full load, which is not neces¬ 
sarily the case, as snch increase depends entirely on the type 
and the constants of the machine. But the paper gives, as I said 
before, very valuable means for further thought and investiga¬ 
tion of this'feature which has been investigated very little com¬ 
pared with the investigations made in other directions, and for 
this purpose the paper is of great interest and value. 

M-r.. Blood :—I wished to say quite a bit on this subject but I 
will simply make one or two statements. One is that I And in 
this connection the difference is not so much as would be expected. 
It will be found that although between no load and full load 
there is a large difference in variation in .density and' movement 
of the lines; when the amount of iron is considered, the- total 
watts is not what might be expected from the ratio of densities. 
Another point, the effect is greater where the pole face density 
is small. Where it is near a hundred thousand lines per square 
inch the variation does not appear to be so much between no load 
and full load. 

Pkof. Goldsboeough :—I will only say that Mr. Steinmetz has 
touched upon everything that I might add in connection with 
the paper. I think you will appreciate the fact that in selecting 
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the problem, of a machine having a very deep core and 80 per 
cent, of the armature covered by the poles, I have taken a ease 
which emphasizes the flux distortion. The differences shown 
between the two methods are not really as important as they may 
at first appear. For instance, a variation is shown of 45 per cent, 
in the core loss. But the total hysteresis loss is only one percent, 
of the output of the machine, and therefore this increase repre¬ 
sents a difference of but a fraction of a per cent, in the efficiency 
of the generator. It is more a matter of technical interest than 
of vital practical importance.^ 

The Peestdeht :—The next subject is a paper on “Operating 
Costs of Horse and Electric Delivery Wagons in Hew York City.” 
by George F. Sever and Kobert L. Fliess. 

The Chair suggests, that the succeeding paper by E. A. 
Sperry being on an allied subject, it may be advantageous if 
the authors are willing, that the discussion on these two papers 
should be combined. 


1. Loss in the core below the teeth by uniform density method, 492 watts at 
full load. 

Loss in the core below the teeth by the actual flux distribution method, 830 
watts at full load. 

Loss in the teeth by both methods, 246 watts at full load, Therefore:— 
492-1-246=^738 watts. 

830-1-246=1076. 

1076—738^-738=45 per cent. 






A paper presented at the ibth Genera/ Meeting 
of the Ainerican Institute of Electrical En^ 
gineers, Boston^ 2Sth^ iSgo^ President 

Kemielly in the Chair, 


OPEUATIN(} COSTS OF HORSE AND ELECTRIC 
DELIVERY WA(H3NS IN NEW YORK CITY. 


BY (}. K. SEVER AND R. A. ELI KBS. 


Diiriiiji; the last three years many descriptive articles relating 
to the automobile, have appeared in the teclnncal ])resB 5 but up 
to the ])resont time, tliore has bcon published tio delinite data 
wliicdi might be used to iudicate whether or not electric opera¬ 
tion posscBBtul any advantages. Hence both the geiicral, as well 
as the technical pul)lic, could form no dedinite o])inion as to the 
beneiits to be derived from the use, in any particmlar (dass of 
service, of cither an electric or a horse system. 

The purposes of this paper is to ])reHent the results of an 
investigation, carried on during the i)ast y(air in the city of New 
’York, of tlic operating costs of the horse and electric <lelivery 
service, as at present instituted by tlui largo dtipartnumt stores. 
This investigation formed part of a graduation thesis in the 
Electrical Engineering Department of Columbia University. 

The present status of the art <1ooh not permit of an exhaustive 
<M)mpariHon, as mnio of the data now presented will probably b(» 
entirely alttu’od by tlu^. rapi<l developments which are taking 
place, the art progressing (piitc similarly to that of the tdcH^tric 
railway. That which can be done most successfully is to com¬ 
pare the cost of maintenance of the two above mentioned 
systems, and if to-day, an (dectrumi Rystem costs less to operate 
and keep than a horse system, it is simply a (juestioii of a 
short time as to the replacement of tlie horse by the electrical 
method. Of course in considering the economy of any system, 
•depreciation enters largely as a factor; but, in case of any new 
system such as is under eoneidoration, the determination of the 
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depreciation of any of the various parts or of the system as a 
whole, would be difficult and for its solntion would require long 
continued service and close observation. Owing to the short 
time that the automobile has been in the field in commercial 
competition with the horse, it has been impossible to collect a 
sufficient amount of data on this point to make its introduction 
of value in drawing a comparison between the total operative 
costs of the two systems. 

SECTION 1. 


Some Data on House Delivery Service. 

The work done by a horse in moving a vehicle over level 
ground, consists in overcoming resistance to motion due to 
friction; it may be conveniently expressed in foot-pounds. 
When grades are encountered, the number of foot-pounds of 
work performed in the same distance will increase. This, 
additional work is necessary to overcome the force of gravity. 
When on a descending grade, the horse does work in resisting’ 
the tendency of the vehicle to accelerate. Hence, when in 
motion, the horse is continually doing work. The exact amount 
of work performed by a horse in a day is a very variable' 
quantity. It depends upon inany factors, some of which are: 

1. Kinds of road surface—macadam, asphalt, etc. 

2. The condition of roads traveled over. 

3. Topography of the country passed through. 

4. jSTature of the load. 

5. Distribution of the load on the wheels. 

6. The horse itself. 

The horse is not an automatic machine that can be designed 
to perform a given amount of work with a given efliciency. It 
is, on the contrary, a most variable and, at times, wilful source 
of motive power. The breed, state of health, temperament, 
environment, adaptation to the load, etc., affects in a greater 
or less degree, the amount of work that can be performed in a 
day by any individual horse. Therefore the problem of deter¬ 
mining the amount of work done by a horse, under any but very 
regular and- systematic conditions, is one of great complexity., 
But under regular conditions, the amount of work performed 
may be quite closely approximated. It is proposed in this 
section to give the results obtained in an investigation which 
was undertaken to determine, as closely as possible, the average- 
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amount of work performed daily by a certain lot of horses 
engaged in the delivery service of a large dry goods store in 
'New Y ork city. 

It may be well to explain in some detail the exact nature of 
the work required of this class of horses. The large ‘‘depart¬ 
ment stores,” as they are now called, have to keep in operation 
winter and summer, irrespective of the weather, a delivery ser¬ 
vice which must be as regular in the fulfilment of its functions 
as the local steam railroads and street railway systems are in the 
execution of their obligations. The nature of the service necessi¬ 
tates a highly organized system of delivery by means of small 
units capable of carrying ^00 to 800 lbs., over short distances 
and with considerable speed. This problem has been met and 
solved by these stores through the introduction of ahorse delivery 
service composed of many small units, each one of which has its 
special district to cover and a certain time schedule to follow. 

To illustrate more clearly the method pursued, we will follow 
one of these units through its daily routine. Let us consider the 
case of a wagon making three deliveries a day. The first delivery 
starts from the stable at 8 o’clock in the morning and arrives at 
the store a few minutes later—the stable, in most eases being not 
far from the stores. Arrived at the store, the wagon receives 
its load, which varies from day to day, but which will average 
the year round, not over 800 lbs. This load may be taken as the 
average load on all trips as the wagon leaves the store. The 
load decreases as deliveries are made, so that theoretically when 
the wagon has reached the store again, it should be without load. 
This however, seldom happens in practice, as there are many 
o. 0 . n. packages in each delivery that must be returned to the 
store as collection could not be made. Also packages sent out 
on approval are called for and brought back to the store on each 
trip. Hence, as a general thing, the load does not entirely 
disappear before the wagon readies the store at the end of any 
one delivery. It may be safely assumed however, that the aver¬ 
age load carried throughout any trip will not be more than 500 
lbs. The load having been received, the wagon starts out to de¬ 
liver its packages. 

The following table gives for a certain store, the division of 
the city into what may be called unit districts, each store having 
of course, its own particular scheme of subdivision—this depend¬ 
ing upon the volume of its business. 
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TABLE I. 


1 

Canal St. 

to Battery, 
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.. 2 deliveries a day. 
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It 
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All above 145th St,, East and West . 

. .... 

1 

1 1 

»( 


It will be observed that on the longer trips only two deliveries 
are made a day, while above 145th street only one delivery is 
made. This latter is an all day rente and the horse that goes np 
one day comes back the next—horses being changed at the local 
stable of this particular store near 180th street. 

Let ns suppose that the wagon has started on trip No. 7, then 
it will go from that store to 76th street without stopping, the 
first delivery being made in 76th street. To make it easier for 
the horse and to facilitate the delivery, the driver does what is 
called ‘^backloading.” This means giving a number of packages 
to his helper or delivery boy to distribute on foot, while he 
drives to another street, makes some deliveries and meets his boy 
again at some pre-arranged point. By this method the horse is 
saved a great deal of work and the time of delivery is much 
shortened. After the deliveries are all made on the way up, 
for example, between 8th Ave. and Amsterdam Ave. as far as 90th 
street—the end of this route—then the wagon comes down de¬ 
livering between Amsterdam avenue and Biverside Drive to 
76th street. At this point deliveries stop, and the wagon pro¬ 
ceeds to the store, there to deposit the money collected on o. o. n, 
packages and to return undelivered goods. By this time it is 
usually after 12 o’clock and the wagon goes to the stable to 
change horses and prepare for its second trip. The horse used 
on the morning trip is sent to his stall and a fresh one is har¬ 
nessed to the wagon. The wagon starts out again at 1 o’clock to 
load up for another delivery. The same procedure as before is 
carried out, the wagon usually returning to the stable a few min¬ 
utes before 5 o’clock. The horse used during the morning trip 
is harnessed to the wagon again and starts out on the 5 o’clock 
delivery. This horse returns about 7.30 or 8 o’clock. Hence we 
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jsee that it takes two horses for every delivery wagon—the horse 
that makes only one trip on any one day, making two trips' on 
the following day, on a ronte calling for three deliveries each 
•<iay. On a route having two deliveries a day, each horse makes 
hut one trip a day. 

It has been found that the mileage per wagon per day is near¬ 
ly a constant, irrespective of the number of trips made. The 
method pursued which led up to this conclusion, was the follow¬ 
ing: An odometer was placed on the axle of a delivery wagon in 
the service of one of the large department stores in the city. 
This wagon was sent over each of the routes specified in Table I, 
•an accurate record being kept of the number of miles covered by 
the wagon on each day. This wagon was kept on the various 
routes in regular delivery service for a period of some three 
weeks, and the results obtained indicate that approximately the 
same number of miles are covered by all the wagons in this ser¬ 
vice each day. This will be readily understood when one con¬ 
siders that a wagon, making a trip over an apparently short 
route, is in reality covering very much more ground than would 
at fi.rst be thought. The density of population in the district 
which the route covers materially affects the number of deliv¬ 
eries and consequently the mileage of the wagon. The explana¬ 
tion of the fact that the average mileage per day of the wagons 
is nearly the same, is that experience extending over many years 
of service has taught those in charge the best method of district 
subdivision which will produce such a proportioning of the work 
that it shall be equally distributed among the units. 

In determining the amount of work done per day by one of 
these delivery horses, it is essential to know the number of 
miles traveled by the horse, the average draw-bar pull of the 
wagon, and the average speed of the horse while in motion. 
To determine these factors one of the authors spent a num¬ 
ber of days on his bicycle, following delivery wagons of many 
firms, under varying conditions of load and in many different 
streets. Attached to the bicycle ridden, was an accurately tested 
cyclometer and an equally accurately tested tachometer. A note¬ 
book, pencil and watch completed the outfit, and the following 
is an illustration of the method pursued in determining the 
.amount of work done by horses attached to delivery wagons in 
JSTewTork city. 

The draw-bar pull of the wagon was determined by the use of 
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a traction dynamometer. For the wagons under consideration it 
was found that the average pull per ton was 60 lbs. on ordF 
nary cobblestones at a speed of seven miles per hour. On 
asphalt the draw-bar pull was found to be 40 lbs. per ton at 
7 mile* per hour. The unit under consideration was composed 
of a wagon weighing 1300 lbs. drawn by a horse weighing 
1100 lbs. Each wagon is provided with a driver and a de¬ 
livery boy. The average w^eight of the driver may be taken 
at 150 lbs, and that of the boy at 125 lbs., lienee the total 
weight of the unit without load was 2675 lbs. To this must 
be added the average load which may be considered as being 
500 lbs. Adding this to 2675 lbs. we have as the total weight 
of the unit 3175 lbs. The weight causing the draw-bar pull 
however is 2075 lbs. The test recorded below was approxi¬ 
mately one-half on cobblestones and one-half on asphalt. The 
true average draw-b^r pull may then be taken as having been 50' 
lbs. per ton during the test. ” 

The results given in the following table may be considered as 
showing relatively the average amount of work done by a horse' 
in harness during about 44- hours in delivery service. 

From the above data we find that, starting from the store, the 
average speed while in motion was 6.7 miles per hour. The act¬ 
ual running time was 1 hour 36 minutes; time at rest 2 hours^ 
28 minutes. 

From the time the horse left the stable until he returned to it 
was 4 hours and 52 minutes. The time taken to load at store 
wa* 46 minutes. The time to run from stable to store was 2 
minutes. Hence the actual time the liorse was working from 
the time he left the stable until he returned to it was 1 hour 
and 38 minutes; time at rest 3 hours and 14 minutes. 

It will be noticed that the horse was at i^est and doing no work 
for nearly two-thirds of the time. 

Taking the draw-bar pull as found, at 50 lbs. per ton, the num¬ 
ber of foot pounds of work done by the horse in traveling 11 
miles was 50 X 58,080 — 2,904,000 foot pounds, or at the rate 
of 1,781,596 foot pounds per hour, which is at the rate of 29,693 
foot pounds per minute. This delivery horse then exerted near¬ 
ly .9 of a theoretical h. p. for 1 hour and 38 minutes. This was 
all the work done by this particular horse on this day. The fol¬ 
lowing day this same horse made two trips over the same^ 



TABLE II. 

Tabulated Statement of Test. 


The weight of wagon. 1300 lbs. 

'' “ driver. 150 “ 

“ “ boy..... . 130 

extra boy. 120 “ 

average load..... 320 


Total weight causing draw-bar pull.2,050 

Draw-bar pull.. 50 


In the following S = started; m = in motion. 

R = stopped; r = at rest. 


REMARKS. 

Speed in 
miles 

At rest and in 
motion. 

Hrs. 

Mins. 

Secs. 

Distance 
in miles. 

per hour 

Mins. 

r or m. 

Left Stable.. 




I 

0 

0 

0 

Arrived at Store. 

6 

2 

m 

X 

2 

0 

.02 

Left Store. 


46 

r 

1 

48 

0 


Stopped at 65th St, to deliver 








special delivery package. 

7 


m 

2 

II 

0 

2.67 

Started. 

9 • 


r 

2 

12 

30 


Regular delivery begins here. 








R. 

9 


ni 

2 

IS 

0 

3-045 

S. 


4 

r 

2 

19 

0 


R. 

5-4 

2 

m 

2 

21 

0 

3-32 

S . 



r 

2 

21 

30 


R. 

10.8 


m 

2 

22 

0 

3 32 

S.,... 


14H 

r 

2 

36 

- 30 


R. 

48 

2 

m 

2 

38 

30 

3.48 

S...... 



r 

2 

45 

0 


R. 

6 42 

2 

m 

2 

47 

0 

3-695 

S.... 


4 

r 

2 

SI 

0 


R. 

9.6 

I 

m 

2 

52 

0 

3-855 

S. 



r 

2 

56 

30 


R. 

5-4 


m 

2 

S8 

30 

3-985 

S. 


25 

r 

3 

23 

0 


R. 

6.42 

2 

ra 

3 

25 

0 

4.2 

S . 


I 

r 

3 

26 

0 


R. 

5-7 

I 

m 

3 

27 

0 

4-295 

S. 


3 

r 

3 

30 

0 


R. 

6.48 


m 

3 

34 

30 

4.76 

S. 



r 

3 

50 

Q 


R. 

S*4 


m 

3 

53 

30 

5-09 

S. 


7^ 

r 

4 

01 

0 


R.1 

6.6 

1 

ra 

4 

02 

0 

£-2 

S. 


I 

r 

4 

f’3 

0 


R. 

7-5 

I 

i ra 

4 

04 

0 

5-325 

S. 


4 

I r 

4 

08 

0 


R. 

6.24 

2 

m 

4 

10 

0 

5-53 

S. 


I 

r 

4 

11 

0 


R. 

1.2 


m 

4 

II 

30 

5-54 

S. 



r 

4 

12 

0 


R. 

9 6 

1 

m 

4 

13 

0 

5 7 

S. 


s 

r 

4 

21 

0 


R. 

7 2 

I 

m 

4 

22 

0 

5.82 

S. 



r 

4 

28 

30 


R. 

6.9 

2 

m 

4 

30 

30 

6.05 

S. 



r 

4 

32 

0 


R. 

4.8 

2 

ra 

4 

34 

0 

6.21 

S. 


8 

r 

4 

42 

0 


R. 

7.2 

S 

m 

4 

47 

0 

6.81 

S. 


I 

r 

4 

48 

0 


R. 

6.3 

2 

ih 

4 

50 

0 

7.02 

S. 


21 

r 

5 

II 

0 


R. . 

7.68 


m 

5 

13 

30 

7-34 

S. 


T 

r 


14 

30 


R. 

5 + 


m 

5 

16 

0 

7 46 

. 


I 

r 

5 

17 

0 


R . 

6 


m 

5 

17 

.30 

7 51 

S . 


I 

r 

5 

18 

21 


R..,.. . 

TO.2 

1 

in 

5 

19 

30 

7 ^8 

S . 


I 

r 

3 

20 

3*^ 


R.. . 

7.2 


Ol 

s 

22 

0 

7 86 

Delivery over, started for stab e. 


I 

1 

5 

21 

'' 


Special stop at 28th St. & 7th Av. 

7.24 

20 

4 

m 

r 

5 

s 

43 

4 " 

0 

0 

10 25 

StaVe . 

7.5 

5 

ra 

5 

52 

0 

10.86 
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ground. From this data the average work done per day tli© 
^’^ear round by a horse in this class of service, may he taken to 
he not over 1(5.5 miles at 50 lbs. per ton, at a speed of 7 miles 
per lioiir. Other data bears out this coiudusion. It is <|uiie pro¬ 
bable that on some special oe(*.asion a horse may Ix^ (*alled upon 
to do more than is shown above, but the average work, day by 
<lay, for the ymr is not more than this. In facd ex])eri(mce has 
shown that a horse in delivery service in Ninv York (‘.ity cannot 
average over fifteen miles a day for six days a weed< a,nd be ex- 
])e(ited to render good servi<a> for any reasonabh^ hmgth of time. 

The length of the working life of a horse in this service, is 
seldom over five years. At the end of this time 1 h‘ has depre¬ 
ciated in value at least ^>0% and cannot be sold for more than 
half liis original cost. 

The time that a liorse is in harness per day tlu^ yt^ar round, 
will not average mor(‘. than sevtm hours, and wt‘ have H(a,m that 
he is only working a small fra(ition of this rime. Ilowewm*, for 
the purposes of this j)ap(n', it will be consi<l(n’ed that a hors(i can 
<lo a greater amount of work, day in and day out the yeai' round, 
tlia-n experieiHUi has indic.a.te<l that he a,(*(‘omplishes. 

W(i will assunu^, therefore*, that it is possible for a liorst^ to do 
"21 miles a day uinhu* a draw-bar ptdl of 50 lbs., at, s<n’en miliss 
per hour and bo in harness eight, hours a, working day, tln^ jmaa* 
round. 

The number of foot-poumls of work domj |K‘r <lay by a horse, 
under this suppositiou, would lx* 5,2HO,O0b. This is at. th(^ rabs 
-of 29,5d2> f(x)t"pounds per minub*, or the horst* is working at the 
rate of .89 of a th(*oret;ical n. n. for tlin‘e hours pe.r day. This 
of coursi*, ref(*rs only to iln^ tinn^ in a,ctual motion. 

Having eHtahlisluxI tin* amount of work that a horse is to <!<> 
]>er day, it is now necawsary to aH(*<irfain how mu<di it eosis to <lo 
tliis work. The hasis upon whi(*h this <*a,h*.ulaiion can numt 
roa<lily t )0 madiJ, for comparison with other vahum, is tlu^ ion- 
inile; that is, liow mu(*J» it <*oHts to transport a ton om* mih% ovtu* 
a level road mider ordinary (‘onditions; the ton weight to 
inelude everything that ent(*rH as a facdor in causing the draw¬ 
bar pull of the wagon. Tluise faebtrs a,r<\ the wiught of ilie 
wagon, weight of driver and hoy, and wtn’glit of load carrioiL 
In order to fa(nUtate tlui calculation, tlu*, data <*,olle(*.bxl has l^een 
condenBod into a table ami is given l)elow* This table representB 
the results of a personal canvass of a larges numlxu* i>f stables for 
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delivery and for general livery service. The hgures given are 
the lowest that were procurable in Eew York City. 

TABLE III. 

Table of Items Entering Into the Calculation of the Cost of Moving 
A Ton a Distance of a Mile on Level Ground, in Light 


Delivery Service in New York City. 

1. Cost of food per day for one horse. 32.00 cis. 

2. Interest on cost of wagon (at per aniniin) per day, 

original cost of wagon, $312. 5-13 

3. Interest on cost of horse (^at Gj,'! per annum) per day, 

original cost of horse, $125... 2.06 

4. Interest on cost of harness (at per annum) per day, 

original cost of harm'.ss, $55.90 

6. Part of stable rent charged to each horse iier day,. 9.39 


(Cost of stable, $40,000. Int. at = $2400.) 

4(> horses in stable, part of rent chargeable to horses 
= $1578.55. 

6. Part of stable re.nt chargeable to each wagon per day, 


24 wagons in stable. 9.39 

Part of rent eluirgi^ablo to wagons = $822.85. 

7. Part of cost of a,ttenda,ncc chargeable to each horse— 13,(56 

4 men to ta,ko (tharge of 46 horses at $11 a week peu' 
man—$44. a week for care of horses. 

8. Shoeing per horse pm-day ($2. per month a head, the 

yea.r round,). 6.60 

9. Driver pm* wagon per day, $12 per week. 171.42 

10. Boy helper, IB. per week..... 114.28 


d'otaJ cost, of 1 wagon, 1 horse a,nd attendance p(^r day 3(54.H3(;, 


It i.s to be understood that this tabl(‘ represents the actual 
(*.osi per day, to a stable in the (*ity, for a wagon and horse, t!u^ 
figiiri^H giviui t)(‘ing thosi^ of a stahUi ('onneidiul with one ol^the 
larger dry-goods housits in tln^ (*ity, 

Assinning boo poinnls as th(‘. aviu-agi^ load (*arried by any'ono 
wagon p(‘.r day, tlu^ total wtnght of th(‘- unit whiidi eattsesTbe 
draw-bar pull as found lad'ort^ is 


Wagon 
Driver 
Boy,,. 
Load.. 


1300 lbs. 
150 “ 
125 “ 
500 ** 


Total....3075 “ 

llenco, (Iraw-har pull being tak<M> an 11)H., thu cowt; to move 
I. ton 21 iniloH may Ih; taken an :!W..s:{ cente, tlm coHt |hu- tou- 
miki being then 17.;57:! eeiits. 
















494 


SBVJUR AND FLIESS ON OPERATING GOST [June 28, 


Taking another case where the two horses and the delivery 
wagon, are considered, and assuming the most ideal conditions, 
we find the following: 

TABLE IV. 

Supposition: 

One wagon making three deliveries a day of 800 lbs. each—assuming 500 
lbs. average.load as before, making a total delivery per day—2400 lbs. 

To do this will require 2 horses, 1 wagon, 1 driver and 1 boy. The eosfc 
per day of this outfit from Table III is as follows: 


1. Food for 2 horses. 64.00 cts. 

2. Interest on cost of 2 horses. 4.12 

3. “ “ “ “ wagon. 5.13 

4. “ “ “ “ 1 set of harness.90 

5. Stable rent chargeable to 2 horses... 18.78 

6. “ “ “ “ wagon. 9.89 

7. Attendance on 2 horses. 27.32 

8. Shoeing for 2 horses.13.20 

9. Driver.171.42 

10. Boy.114.28 


Total.428.54 cts. 

The cost of delivery per pound is then .1Y856 cents. If we 
assume’that in doing this work the wagon was out 12 hours and 
is-in motion one-half its time, going at a speed of 7 miles per 
hour while in motion, then the wagon will cover 42 miles per 
day. Under these conditions the cost per ton-mile is 10.2 cents. 
This is also the cost per ear mile in this case. 

If we consider the load only, it costs 10.2 cents, per 500 lbs. 
per mile, or at the rate of .0204 cents per lb. per mile. 

If we assume that on the three trips the deliveries average 50 
per trip, then 150 deliveries were made per day. This is at the 
rate of 25 deliveries an hour or 1 delivery in 2.4 minutes. It is 
well to call attention here to the fact that a wagon is sometimes 
called upon to make as high as 100 to 150 deliveries on a single 
trip and the average rate of delivery may be taken as not over 
25 deliveries an hour. Hence it is evident that the case consid¬ 
ered in Table IV. is for ideal conditions only. The weight per 
package under our supposition is 16 lbs. and it is not often that 
the packages will average over 10 lbs. 

The results deduced from Table lY. it will be understood, rep¬ 
resent the lowest possible figure under the conditions now 
existing in the stable upder consideration. Therefore, if,in making 
,a comparison between the cost of operating a horse and an elec¬ 
tric delivery service under identical conditions, the above figures 
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are used, all possibility of error in favor of the electric automo¬ 
bile would seem to be eliminated. 

SECTION II. 


Some Tests on Electric Automobiles for Delivery Service. 

The results recorded in this section were obtained under 
service conditions, in the streets of ISTew York city. Over 60 
miles were covered during the tests recorded below, and all 
grades between the lower section of the city and Washington 
Heights were surmounted with the greatest ease. During the 
tests, various conditions of weather were encountered, including 
heavy rain, strong head winds and muddy streets, as well as very 
clear weather, no wind, and dry streets. 

During the series of tests, no accidents of any kind happened. 
It was not necessary at any time to stop the vehicles for repairs 
—all the mechanical and electrical parts performing their 
functions with the utmost ease, and with practically no noise, 
and absolutely no odor. 

The method followed during all the tests was the same. It 
consisted in measuring the watt-hours of energy supplied by the 
storage batteries during the runs, by means of a Thomson 
recording watt-hour meter, which was accurately calibrated 
before the test began. The distance traveled by the vehicles 
was recorded by a tested cyclometer, and the speed in miles per 
hour was noted at any second by means of a tachometer. 
Placed in series with the watt-hour-meter, was a Weston por¬ 
table ammeter, while a Weston voltmeter was placed across the 
battery connections at the controller. In this way, instantaneous 
readings of the power were obtained, while the watt-hour-meter 
gave the total energy used. The Weston instruments were 
accurate, and every precaution was taken to guard them from 
any jolts or jars which might have impaired their accuracy. 

The first tests to be presented were made upon a vehicle built 
for a large dry-goods store in Hew York city. The vehicle was 
intended for the delivery of light goods about the city, and was 
to be placed in competition with horse delivery service of the 
same class. The results tabulated below, show the instantaneous 
power consumption with this vehicle, while traveling over the 
same ground, at the same speed as recorded on two different 
days. The column headed “rain’’ refers to readings taken 
•during a severe storm which lasted throughout the entire test. 
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The column headed clear ” showrt the eonfiumption of power 
on a clear day with no perceptible wind. 

TABLE V. 




Voltnu’ter Read- 

Amuu'ter Rc'ad- 

LOCATION OF VKHICLK AT TIMK 

Speed in 
miles 

mg. 

mg. 

OF RKADINO. 

per hour. 







Rain. 

(dear. 

Rain. 

CltMr. 

(loiiiK North. 






Sth Ave. & u;th St. 

10 

87 

86 

'/4 

S 4 

Sth Ave. cV -^sUi St., iku* tent, gntde. 

7 

84 

8 5 

44 

4 '.‘ 

cjth Ave. <fe ■’,Htli St. 

IC* 

86 

BS 

a*; 

a 3 

Passing Catlietlral, sc th St. iV 5th Ave. 

10 

86 


a 6 

ay 

S^th St., passing N. Y. A. C... 

10 

86 

85 

a 3 

»'i 

Spt'h St., Fast end of S}?ani.sh Hats, .5 per cent. 







a 

H<; 

84 

6”. 

0 

61st St, C.V, Boulevard. 

10 

86 

8 r, 

at 

at 

yPth St. & Boulevard. 

to 

86 

8S 

a.i 

■*4 

loeB St. <.V Boult.vartl. 

0 

8,'t 

84 

J‘» 

30 

Coijig South. 






utjthSl. & Boulevard, N. ecu*, of Barnard,] 






’ macadam 4 per cent grade. 

c; 

8t» 

K r 

47 

44 

jo()th St. iSi' Boulevard. 

10 

84.3 

84 

.■a 

1 ao 

gaud St. tV’ Boidevard, 3 peu* cent gr.uh-. 

0 

Hi 

Ha 


! .F' 

Haiul St. iV Boidc'vaid, down grade. 

Jta 

He, 

'k 1 

17 

16,3 

Madison Av. la;t. v^h vV v th St,. No. ? speed. 

‘r 


H „• 

«i 

a a 

N0 a siiecd....*. 


4 t 


10 

at 


i 


.‘I 

tg 

a a 

7th Ave., bet igth «V voth St., (’ohhle slone.s, 

! 





No. :* speed... 

1 

4 V 

i 

Vt . 

a a 


An iimp(‘<*fion of Table V. bringn uh to the (»on<duHion that 
the power (‘miBiiniption is not gr<‘{itly albMdiMl by change of 
pavement, as from (*.obbhi stomps to asphalt, dliere is, however, 
a slightly greatt‘r power re<iuir<Hl on wet imicndam than on dry, 
and more power is reijuinal on maea,da,m than on asphalt or 
cobbles. TIu^ gradt^s worn nuaisunal in <*ase after the lestB 

were comph‘t(*<l. InTa,ble VI is given Iht^ data obtained daring a 
test run of a little ovta* b> miles, in very lanl weather. I'or tJie. 
greatia* part of tin* trip, a. h(^a,vy wind was l)low'ing. 

The tinus givmi \n tluj last <»olunin of this la,!d<‘. has no bt'aring 
on tlu^ Hpcaal. The s[)e<al may hav(*. btam mih'saji lunir wliihi 
running mu\ yet, owing to ^Vlowuips,’' slops, eUa, the time oe<m 
pie<l in passing from one sire(d. to a-nothtn* where th<‘ reiMlings of 
the timcj wen^ noUid, may iti<li(ait6 a spiaal of mdy d ndhts an 
hour. The last (‘olumn was insertaal as a e.lnadi on the trip —the 
speed in the Bcujoml (*olumn laung given as tln^ spetai af. the time 
tln^ readings of tln^ voltmeter and amnnd.tn* were taken, the 
wattdiour-meter, of course, taking (aire of tlui intenmaliato 
jlnctuations. 
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TABLE YI. 


speed in 
miles 
per hour. 

Volt¬ 

meter 

Read¬ 

ing. 

Am¬ 

meter 

Read¬ 

ing- 

I Time. 

His. 

f Mins. 1 

! 

9-5 

85 

28.5 

3 

i 

) 

13 i 

9-5 

86 

27 

3 

: 

10 

87 

24 

3 

16 

10 

91 

0 

3 

18 f 

8-5 

85 

34.5 

3 

20 * 

7 

85 

37 .5 

3 

21 

6-5 

84.5 

41 

3 

23 I 

10 

86.5 

22 



12 

87 

19 

3 

25 i 

13 

87 

18 

3 

3 ^ ! 

10 

86 

25.5 

3 

32 ; 

11 

86.5 

21 

3 

35 ■! 

10 

86 

23.5 

3 

40 ‘ 

14 

86.5 

17 



15 

87 

16 


• 

10 

85.5 

25 

3 

S 3 : 


8 y .5 

0 

3 

54 ) 

4 

81.5 

47.5 



4 

82 

47 

4 

18 ; 

4 

81 

52 


1 

4 

81 

47-5 


f 

3 

80 

S6 

4 

2 S * 

3 

80 

SO 

4 

26 

3 

80.5 

51 

4 

27 

3 

80 

50 

4 

28 1 

4-5 

81 

42 


! 

\ 

14 

85 

16 

4 

34 

15 

85 

13 



9 

84 

26 



6 

83 

33 

4 

27 

13 

85 

15.5 

4 

40 

12 

84-5 

20 

4 

46 

10 

84 

23 




88.5 

0 

4 

54 

9*5 

83 

28 

5 

04 

9 

82 

33 



10 

83 

21 

5 

13 


88 

0 




LOCATION OF VEHICLE AT TIME OF 
READING. 


Going North. 

2oth St. bet. sth & 6th Ave. 

2oth 


5th Ave. &2ist St...!!.!..!!!!!!! 

Down grade.. 

5th Ave. passing Astoria 2j^ per cent, grade... 

34th St. & 5th Ave., 3 per cent, grade. 

36th St. & 5th Ave., 4 per cent, grade. 

39th St. & 5th Ave. 

43rd St. & 5th Ave., down grade. 

S7th St. & 5th Ave., down grade. 

59th St. & 6th Ave. . 

S9th St. «fe Sth Ave.!!!.*! 

Passing 22d Regt. Armory on Boulevard. 

79th St. & Boulevard, down grade. 

QSrd “ “ “ “ .."..!!!!!! 

noth St. & Boulevard . 

iiQfh downgrade. 

Stopped here 18 minutes. 

Macadam. 

126th St. & Boulevard, going north, 4 per cent. 

grade. 

127th St. & Boulevard. 4 per cent, grade. 

Passing Manhattan College, 134th St. &. Boule¬ 
vard, 4 per cent, grade. 

135th St. & Boulevard, 4 per cent, grade. 

Going South. 

125th St. & Boulevard, 4^ per cent, grade. 

124th “ “ “ 

123rd “ “ 4 “ “ . 

122nd “ “ “ “ “ 


I percent, grade.... 

3 “ “ . 

down grade.. 


Asphalt. 

iiSth St & Boulevard, per cent grade, 

108th *’ down grade. 

looth “ “ 

96th 

g4th “ “ 

88th “ “ 

6Qth “ “ 

6sth “ “ “ 

50th St. & Sth Ave. 

26th St.—going East from Sth Ave... 

23rd St., bet. Aladison Ave. & Broadway, cobble 

stones, slightly up grade. 

2cth St., bet. 5th & 6th Aves. 

At end of run... 


A study of Table VI, shows us that on grades, the speed of the 
vehicle is very much reduced and that the power required to 
propel the vehicle at the reduced speed is very large—which is 
quite natural. The table is instructive in showing the relative 
proportion of increase of power due to grades. It must he re¬ 
membered, however, that the comparison is made in this case 
between level asphalted streets and macadamized hills that were 
very muddy, and that this condition would cause the variation in 
power to be greater than in the ease of grades of asphalt surface. 
The average of ten readings taken from Table VI, gives the 
power consumed on level asphalt as follows: 















































498 


BFjVKH and FL1ES8 ON OPFJiA'riNi,^ 0087^ |June 28, 


Volts.-. 

Amperes..1 

It in to be undcrKtood that tluj^e ten n*adini»;H wvvc selected 
from the tal)le with the idea of eliminating,* up or down ^'rades. 
The lowest ammeter reading taken was 20 and thc‘ higliest 20. 
Abov'c and below these readings the vehude was on [xa'cc^ptibljr 
up or down grades. It may be well to not(‘ that this wagon wa,H 
6([uipped with solid rnbber tinss; tln^se, as is (piit(‘ gtmerally 
I'ceognized, absorb slightly loss power than pneumatit* tires. 

Table VI I gives the results obtained duririg a hist in very tine 
weather. Tiio run was one (>1*0.25 miles ov(ir a continually 
ascunding route. 


TABOK VII. 

I’ho voltago of Uui batt(*ry ou opiiii (*.ir(!uit b(‘f<)n' fho start was 91. This is 
CMpiivalent. to 2.09 volts p«'r (-(‘il. 


r.OCATION OF VKHICr.K AT TIMK OF 

Sjieed to 

meter 

Am« 

meter 


'lime. 


RlsAOINO. 

per lmu( 

Ke.al- 

ton. 

KefoU 

Hr. 

Mill. 

Se('. 

Slaru'd from ao) W. o^tli St. 




4 

11 

I 

jijlh St. bet. 7lh & (»th Aves... 

10 

MO 

V4 




Si. I)(tt. <ii;h »ith Avt*,*'. 

to 

ilo 





ji^rd St. & sth Avi' ... 


oet 





St«ippt'(l 30 socomi^ 





»H 


yyth St, A VO...... 

to 

8^, 

as 

,t 

|0 

St . A: sth Ave.... 

10 


V4 

3 

19 

40 

■p.tnd St. A' oUi Avc. , . 

0 

Hs 

.P' 

3 

Vo 

/»» 

PussioK''A mi orin stopped 13 M'ooml.N. 







St. A' 5th Avo ... 

H 

84 

;u 

3 

n 

,5 

42Sid St. A qth A VO... 


00 

0 




.Stopped au seeotid.H Itcre. 







4pth St. A »;th Avc.......' 

l<» 


m8 

3 

5» 

|0 

MQth St. opp. Plaza Htad........ 

to 

8'i 

iH 

3 

34 

e» 

fjoth St. A liottlevard. ........ 1 

to 

H ; 

«?', 

3 

i'i 

to 

66th “ •* . .1 

to 

H«; 

4 ^ 



67111 “ “ . ... .. 

to 

H., 





r.Bth “ ... 

to 


U4 

3 

41 

;t9 

6ytb ............ .... 

to 

•h» 

a 4 




70th *' “ .. ... 

10 


y’4 

3 

44 

0 

yaiid “ “ . 

to 

H<i 


t 

43 

to 

7';th “ “ ..... .... 

ttl 

Hh 

■i'., 

t 

44 

10 

8mal “ “ .. 

to 

H 

yy 

3 

4O 

to 

B'trd “ “ . .. .. 

»o 


M*, 

3 

4d 

47 

Both “ “ . 

to 

85 

0 4 

3 

47 

a 7 

87th “ “ ... 

to 

as 

.'H 

3 

47 

*}H 

88th “ “ ... 

*0 

84.3 

a 8 

3 

48 

UQ 

mid “ “ ..... 

Down Kxule,... .... . 

to 

84 

'M 

3 

4V 

S5 


80 

0 


9£7th St, A Pottlcvard . . .. . 

to 

84 

•48 

3 

.0 

S*i 

lOlit. . . 


84 

•48 

3 


38 

lofjth St, stopped to take pteture, at rest 5 ini«- 





atM to seeondM. 







tiath St A Boulevard. . . ... 



3* 




tX4th ** .. 

to 

84 

44 

4 

6 

S9 

H, end Knx. PldM:. Col. Univ,. , , , 

to 

84 

5*7 

4 

9 

49 

jc'joth St. A'. Bouleviiitl.. . ... .. .... 


88..? 

0 

4 

to 

*S 


The watt-houMuetor reading during tins hist showed a (ion- 
Bumption of 13tbh22 watt-hours. The wagon alone was welglmd 
on balanced coal-BcalcB and was found to weigh lbs. On 
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this trip it carried three passengers and the instruments used. 
The total weight was found to he as follows : 


Weight of wagon.3,750 lbs. 

“ passengers. 413 “ 

“ instruments. 37 “ 

Total weight.4.200 “ 


The distance travelled was 6.25 miles and the time actually in 
motion was 52.75 minutes. 

Therefore; 


Average speed in miles per hour was. 8.44 miles. 

The watt-hours per car mile were...218.28 

The watt-hours per ton mile were.103.95 


It should be remembered that these results were obtained dur¬ 
ing a run which was always tending up hill as was noted above. 
This becomes quite evident when the average of the 27 readings 
of Table VII is compared with the average of the 10 readings 
taken from Table VI, representing level asphalt. 

Average of the 2*7 readings of Table VII. 


Volts.84.72 

Amperes.26.25 

Average of the 10 readings taken from Table VI. 

Volts.85.3 

Amperes.'.23.1 


TABLE VIII. 


LOCATION OF VEHICLE AT TIME OF 
READING. 

Speed in 
miles 
per hour 

Volt¬ 

meter 

Read¬ 

ing. 

Am¬ 

meter 

Read¬ 

ing. 

Time. 

Hrs. 

Mm. 

Sec. 

Started from 120th St. & Boulevard. 




4 

23 

10 

Voltage on open circuit. 


89.5 





Going South. 







118th St. & Boulevard, macadam, 3^ per cent. 







grade. . . 


81 

40 




S. end. Eng. Bldg. Col. Univ. 

10 

84 

25 

4 

24 

20 

77th St. & Boulevard. . 

10 

83 

23 

4 

3=5 

IS 

72nd ‘ “ . 

II 

84 

20 

4 

36 

30 

' 70th “ ‘ . 

10 

82 

25 

4 

37 

30 

Passing 22nd Regt. Armory. 

12 

84 

18 

4 

38 

20 

Passing Empire Hotel. 

10 

82 

23 

4 

40 

30 

S9th St. bet. 7th & 8th Aves. 

10 

82 

25 

4 

43 

15 

Passing Spanish flats, down grade. 

II 

87.7 

0 




Passing N. Y. A. C. 

9-5 

82 

25 

4 

45 

0 

56th St. & 5th Ave. 

9-5 

81 

27 

4 

47 

0 

Sjrd St. & 5th Ave. 

9-5 

81 

29 




Stopped 10 seconds here. 







3Qth St. & sth Ave. 


82 

22 

4 

56 

30 

Ran through 26th St. to make special tests, 







stopped one minute here. 







5th Ave. & 24th St. 

9 

81 

22 

5 

15 

0 

igth St. bet. 5th & 6th Ave. 

9 

82 

20 

5 

19 

50 



87 

0 

5 

21 

45 


Table VIII. gives the results of a run made in the opposite 
direction to that recorded in Table VII., that is starting on the 
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high ground on which the run of Table VII. terininated; it re¬ 
cords the power consumed during a run of 7.24 miles. The run 
ended where that of Table YIL began. Thus in the run re¬ 
corded in Table VIII. the tendency was always down hill; this 
will be appreciated from an inspection of the table. 

The watt-hour-meter showed a consumption of energy on this 
run of 1243.38 watt-hours. The weight was the same as pre¬ 
viously given, namely 4,200 lbs. The time in actual motion was 
58.5 mins. The distance travelled was 7.24 miles. The average 
speed per hour 8.08 miles. 

The watt hours per car mile were... 

The watt-hours per ton mile were... 

Combining the results of the watt-meter readings for the tests 

of Table VII and VIII, we find that for a total distance of 13.40 

miles the average was as follows; 

Watt-hours per car mile. 

Watt-hours per ton mile. 

The results were obtained under the ordinary service conditions 
aind can be duplicated at any time. 

To determine as accurately as possible the lowest value for the 
power consumption at the different speeds, some special tests 
were made. A block paved with asphalt which was fairly level 
between 24th and 25th streets, on Madison Avenue, was selected 
for the tests. The method of procedure was as follows: lirst,. 
readings were taken while the vehicle was passing between 24th 
and 25th streets and then readings were taken when passing 
back over the same ground, in every case care being taken that 
the vehicle had reached a constant speed an appreciable time be¬ 
fore the readings were noted. The average of these readings 
should, of course, eliminate any slight grades, if present, and the 
average should give the true power consumption for absolutely 
level asphalt. The readings obtained for the three different 
speeds of the wagon were ; 

^ Yolts. Amperes. 

Ko. 3 speed~10.6 miles per hour.83 33 

83 30 


Average. 

No. 3 speed—5.4 miles per hour. 


Average...... 

No. 1 speed—3 miles per hour. 


Average.... 
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At No. 3 speed the rate of travel was 15.4 ft. per second and 
the rate of work 1Y22 watts. Since a watt represents 0.73T3 foot 
pounds per second, the total work required to propel the 
at this speed for one second was 1269.53 foot pounds. This 
represents a rate of 2.3 h. p. The draw-har pull was then 52.44 
lbs. or at the rate of 39,26 lbs. per ton. At No. 2 speed the 
draw-bar pull was 36.3 lbs. per ton. The value of the draw¬ 
bar pull at No. 3 speed is probably very closely approximate to 
the value that would be shown at all speeds between 5 and 12 
miles per hour if a dynamometer were used. From the results 
recorded in Table VII. we may take 105 watt-hours per ton mile 
as quite within the reach of actual practice under service condi¬ 
tions to-day. However, a more conservative estimate of 120- 
watt-hours per ton mile as a basis upon which to calculate the 
operating costs of electric vehicles for delivery service will be 
assumed. Under ordinary conditions a well-designed electric de¬ 
livery wagon should not consume over 120 watt-hours per ton 
mile. In support of this statement the following data is pre¬ 
sented, these results being obtained while testing a small carriage 
which, owing to a number of circumstances, had failed to come up 
to the expectations of the designers. This carriage had been sent 
back to the shop for some alterations and it was at that time that 
an opportunity was afforded for making a number of experiments 
and tests upon it. The point of greatest interest in these tests is 
the fact that though working under most unfavorable conditions, 
the watt-hours per ton mile did not reach 120. The weight of 
this vehicle was 1200 lbs., over 300 lbs. more than the original 
design called for. With one passenger and the instruments it 
weighed 1400 lbs. Its draw-bar pull was found, by a dynamo¬ 
meter, to be over 42 lbs. at 8 miles per hour on level asphalt. 
This is at the rate of 62 lbs. per ton, and is approximately the 
same as found for ordinary horse delivery wagons on cobble 
stones. This excessive draw-bar pull was due to poor bearing 
design. Table IX gives the result of a run of 9.45 miles with 
this vehicle on New York city streets. 

TABLE IX. 

Distance traveled. 9.45 miles. 

Watt-hour meter record . 771.15 watt-hours. 

Average speed... miles per hour. 

Watt-hours per ton mile...116.5 

It is interesting to note that even with this abnormal pull the 
watt-hours per ton mile were only 116.5. 
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The test recorded in Table X was a fairly severe one so far 
as hill climbing and bad roads are concerned. The vehicle on 
this occasion traveled from 59th street np the Boulevard tO' 
IbTth street and return, taking en route the long hill from 125th 
street to 137th street on the Boulevard; on the return the hill from 
125th street to 117th street was surmounted. The hill-climbing part 
of the trip was over a very bad macadam road surface. The hill 
at 96tli street and the Boulevard was surmounted twice during 
the trip, and the carriage covered a distance of 14 miles. 

TABLE X. 

' Distance traveled. 14 miles. 

Time in actual motion. 1 hour 47 minutes. 

Average speed.... 7.8 miles per hour. 

Total watt-hours recorded.1162.29 

Watt-hours per ton mile.118.57 

It is worthy of note that with all the hill climbing, the bad 
roads and the large friction loss due to bad design, the watt- 
hours per ton mile reached only 118.57. From the above, 120 
watt-hours per ton mile would seem to be a conservative esti¬ 
mate for the power consumption of well-designed electric de¬ 
livery wagons in ISTew Toi’k city under ordinary service condi¬ 
tions, 

SECTION III. 


, House versus Electric Delivery Service. —A Comparison. 

In considering the advantages and disadvantages of two radi¬ 
cally different systems for the performance of the same work, 
the cost is the deciding factor, if other things are equal. Assum¬ 
ing that all other considerations are equal, it will be shown in this 
section that the cost of operation, maintenance, etc., of the elec¬ 
tric automobile is less than for horses in the light delivery ser¬ 
vice of Xew York city, the horse being considered in the most 
favorable light. 

From the results recorded in Section II. we are led to the con¬ 
clusion that, under highly disadvantageous conditions, the powder 
necessary to propel a vehicle through the streets of New York 
city from the lower part of the town to points situated on the 
highest ground, including alL grades, that may be encountered, 
will not average more than 120 watt-hours per ton mile. That 
this is a high figure for vehicles of good design and equipment 
is evident from the results obtained while testing the delivery 
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wagon previously mentioned. The fact that the small carriage 
never reached 120 watt-hours per ton mile, though working 
under most unfavorable conditions^ should lend weight to this 
conclusion. 

Taking 120 watt-hours per ton mile as a basis from which to 
compute the power consumed by an electric delivery wagon, we 
will now compare the results obtained in Section 1., Table IV., 
with the results that would be obtained if an electric wagon 
were substituted. 

From Table IV it was found that the total cost per day for 2 
horses, 1 driver and 1 boy, was 42S.54c. The wagon was to 
travel 42 miles a day—^being an average of 21 miles per day for 
each horse. The time in motion was assumed to be 6 hours. 
An electric wagon with an average speed of 9 miles an hour, 
could cover this distance in 4.66 hours, thus saving 1.34 hours— 
the other conditions remaining the same. The cost per day for 
the electric, assuming cost of power at 5c. per k. w. hour, is 
given in Table XIII. 

TABLE XIII. 

1. Cost of power for 42 mile run, at 5c. per k..w. hour,....... 71.28c. 

assuming power consumption as 120 watt-hours per ton 


mile. 

Weight of wagon.3750 lbs. 

“ ** driver. l-*>0 “ 

“ boy... 125 

Average load. 500 “ 

Total weight.4525 * ‘ 

2.263 tons. 


Watt-hours per car mile, 271.56 ‘ 

“ “ ‘ 42 “ “ 11,406.00 = 11.405 k. w. hours. 

Taking battery efficiency as 80^. 

Total power to be paid for = 14.256 k. w. hours. 

2. Interest on cost of wagon per day.37.89 

Cost of wagon, 12,300. at ^ interest. 

3. Interest on stable rent for one wagon . 9.39 

4. Driver . 1.. . 42 

5. Boy...114.28 

Total cost per day for 42 miles, 1 wagon, 1 driver and 1 boy 404.26c. 

Therefore, cost per pound of deliveryis .16844c., or .01012c. 
less tbto the figures for the horse. The cost per car mile is 
9.625c. oi; .5Y5c. less than for the horse. Cost per ton mile is 
4.25c., or 5.95c. less than for the. horse service. If we consider 
the load only, it costs 9.625c. per 500 lbs. per mile, or at the rate 
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of .01923c. per lb. per mile or, .00115c. less per lb. tban for the 
horse service. 

Attention is again called to the conditions under which this 
comparison is made. The horse is supposed to be able to aver¬ 
age 21 miles per day, doing this at the rate of seven miles per 
hour, under a draw-bar pull of 50 lbs. In other words, he is 
doing work at the rate of .89 of a theoretical h. p. for three hours 
per day. The automobile, on the other hand, is to do 42 miles 
a day at the rate of nine miles per hour, and the cost of power 
is assumed to be 5 cents per k. w. hour. Under these conditions 
the automobile can do the work of two horses in 1.34 hours less 
time than they can do it in and with a saving of .01012 cents per 
lb. of goods delivered or at a saving of 24.288 cents per day 
on a delivery of 2400 lbs. 

ISTow having shown that it is cheaper to use an electric de¬ 
livery wagon than the present horse delivery wagon—even when 
the supposition is made that the horse is doing much more work 
than he really is—^it is proposed to make a comparison between 
the two systems under conditions which actually exist to-day. 
It was shown in Section IT. that the delivery horse does not 
average 18 miles per day during the year. "We will assume, 
however, that the horse does travel this distance per day. Each 
wagon will go 36 miles a day under this assumption; hence the 
total mileage of the wagon for the year will 11,268 miles. This 
assumes that on Sundays the wagon does not go out. Then for 
52 days a year, at least, the horses have to be fed without any 
work in return. This, of course, is a condition not met in elec¬ 
tric automobile service. 

The cost per day for the two horses, wagon, driver, etc., neces¬ 
sary to accomplish 36 miles a day was found from Table lY., 
Section I., to be 428.54 cents. The cost of covering 11,268 
miles will then be $1,562.20. Here it must be remembered that 
865 days have to be taken. The cost per car mile is then 13.86 cents. 

When we come to consider the electric automobile for a year, 
covering 36 miles a day, its advantages are brought out very 
clearly. Since the vehicle, owing to the nature of its construc¬ 
tion, does not consume any energy when not in motion, it follows 
that, during the periods of rest, while deliveries are being made 
and the wagon is being loaded, there is no more expense than 
that incidental to wear and tear. This, of course, is common in 
amount to all vehicles of the same class and may be considered 
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the same in each case. That a slight loss does occur when the 
vehicle is at rest, due to local action, etc , in the batteries, is true, 
but this loss is considered when the efficiency of the battery is 
taken at SO^. We may say then, that the factor most important 
in determining the expense of operating an electric vehicle is the 
price that must be paid for the power. This is a very variable 
factor indeed and the price per k. w. hour will determine in all 
cases the amount of saving that will be possible through the use 
of electric automobiles. 

A stable taking power from a large central station would, if 
of average size, add a load which, if properly distributed as it 
easily could be, might become a considerable factor in 
straightening out the load curve of the station. If several stables 
were supplied from the same central station, this load would 
become a great source of economy to the station, and power 
■could be sold to them at a very low figure. Owing to the regular 
nature of the work imposed upon the wagons in delivery service 
it could easily be arranged to have the electric vehicles charged 
at night after the heavy load is off the station. They might also 
•charge early in the morning and at noon or at periods that ex¬ 
perience would indicate were the most advantageous for the sta¬ 
tion, the time of deliveries being adjusted to suit the new con¬ 
ditions. In this way a stable should be able to buy power at 
from Ito 2 cents per k. w. hour. As this time has not yet arrived 
we will install for our purposes a small isolated gas engine plant. 
A plant of this kind should be able to produce a k. w. hour, at 
the switchboard for 3 cents. Assume the cost for a k. w. hour, 
as 3 cents, the power consumed per ton mile as 120 watt-hours 
and the weight as 3,500 lbs., for the wagon. Taking the average 
load as 600 lbs., weight of driver as 150 lbs., and that of boy as 
125, the total weight is 4275 lbs. The cost for the electric 
vehicle to cover 11,268 miles is given in Table XIY. 


TABLE XIY. 


1 . 


2 . 

3. 

4. 


Cost of power for 11,268 miles at 3 cents. 

a K. w. hour, and a consumption of 120 watt-hours per 
ton mile, total weight = 4,275 lbs., = 2,137 tons, 
watt-hours per car mile = 256.44, K. w. hours per 
11,268 miles = 2889 57, taking efficiency of battery at 
80^ K. w. hours to be paid for = 362 L 

Interest on cost of wagon at 6^ for year. 

Cost of wagon, $2,3ou. 

Interest on stable rent for 1 wagon, for year. 

Driver. 

Boy. 


$108.35 


138.00 

34.28 

625.68 

416.83 


Total cost per year, 


$1,323.14 
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Then the 

Cost per car mile...^ ^ 

“ “ ton mile ^ . 

‘‘ of power per mile .. -. .961 

“ “ power per ton mile .. ..‘ . 

Hence the saving considering that the horse drawn wagon 
does 36 miJes a day 6 days a week, is 2.12 cents per car mile in 
favor of tlie/electric vehicle which means a saving of 76.32 cents' 
per day per wagon. 

Owdng to the greater speed of the electric vehicle, it takes only 
4 hours to travel 36 miles as against 5.14 hours for the horse. 
This is a saving of 1.14 hours per day, or of 356 hours a year. 

The figures given above speak for themselves and would 
appear to be a most effective argument in favor of adopting the 
electdc automobile for delivery service. 

SECTION IV. 


Conclusion. 

In light delivery service in large cities, when a number of 
units are employed by individual firms, the adoption of the 
automobile would seem to be merely a question of time. For 
this kind of service it seems pre-eminently the best solution. It 
is cheaper to operate than horse service, and the mechanical 
problems have been so far solved- as to make the vehicles- 
commercially successful. Though, as stated before, it is not the 
intention to discuss depreciation, it may be noted that the com¬ 
parison of the costs of operation as regards food, cost of power, 
etc., would show a saving in favor of the electric delivery 
wagon, in one year, of 15^, which, under more favorable con¬ 
ditions as to the price of power, might easily be increased.. 
Assuming, for the moment, that the depreciation in a year is- 
20^ for the electric system, and, under the same service condi¬ 
tions, is only 10;;;i^ for horse traction, we still have a saving of 5^ 
in favor of the automobile. The advantages that will arise from 
the substitution of mechanical propulsion for horse traction on a 
large scale, are so well known and understood, that any extended 
consideration of the subject seems unnecessary. Among the 
many advantages, hoNvever, the following would seem to be the 
most important. 

1. The hygienic condition of large cities will he improved^ 
and the cost of street cleaning will be decreased. 
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2. The wear and tear on paTements and streets will be 
reduced, and the use of rubber tires will lessen the noise in the 
crowded streets. 

3. The traffic in cities will not be as congested, owing to the 
saving in space now occupied by the horse. When we consider 
that there are approximately 200,000 horses used in ^siew York 
city alone, and that a horse increases the length of a unit by nine 
feet, it can be readily appreciated how great a saving will be 
efiected. Taking the average width occupied by a horse and 
shafts as two feet, it is seen that 200,000 horses occupy about 
3,600,000 square feet, or 82.6 acres of valuable street room. 

4. When the use of automobiles has become more general, 
the cost of operation will be reduced. This is true, for the 
reason that with an increased output of wagons, the price will 
decrease, and with the greater use of power, the cost of it for 
this purpose will diminish. 

5. The danger of accident from runaways will be eliminated. 




A paper presented at the ibth General Meeting 
ojthe American Institute of Electrical Engi¬ 
neers^ Boston^ June 28 ih^ l8gq. President Ke^i- 
nelly in the Chair. _ 


ELECTKIO AUTOMOBILES. 


BY ELMER A. SPERRY. 


At the National Electric Light Association meeting a few day^ 
since, Mr. Crosby gave expression to a sentiment which has been 
rapidly taking form for the past twelve months.' He said: 

To-day we are as near sweeping the horses off the street with 
the automobile, as we were in 1889, in taking them off the tracks 
with the electric car.” 

Why, I ask, was the date ’89 chosen ? True, it marks a decade 
in the history of a branch of electrical application which has 
made the most stupendous strides; in fact, distanced all sober 
predictions as to achievement. It marks more. To those associ¬ 
ated with the early development of electrical traction, it was 
about these years that the conservative engineer began to breathe 
easily; through rigorous experience that seemed nigh about 
interminable, he became convinced that at last, insulation and 
materials peculiar to the art, startlingly new to, and even held in 
derision by, the traction engineer, could nevertheless be relied 
upon to do the rugged work of heavy traction. 

By ’89, what we might call a motor mortality ” under severe 
conditions of service had been reached, that meant success. In 
a space then considered contracted, we had found room for ample 
area of journal and commutation ; ample insulation and dielectric, 
to withstand the voltage strains. Methods of supporting and 
imbedding insulation and conductors had been devised, that 
ensured life not only against heat and overload, against vibration, 
pounding and concussion, and last, but not least, against misuse 
and abuse at the hands of the non-expert. 

It had been an evolution, gradual though rapid; many had 
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contrilmtod to its BuccesR; it had tinally platwl nn a firm basis, 
the dream of tho engineering worhl from tin* time of Watt, 
down; namely, “the rotary motor.” d'lm aehmvement eau 
hardly he over-estimated. Unnumhereil engnneers ha<l planned, 
toiled and passed with the solution of this em-hanted problem 
almost within their grasp. A r.itary motor with no oscillating 
or reeiiiroeating part ha,d at last beam dt'velopcd. It (Udiveied 
torque, pure and simple—constant and regular, and had a capacity 




oicaBiired by itn hv/a), and an inna.sunMl hy ntlmr inoinrB, 

nothing Hluirt of wonderful, fi'he motor was simply ideal. 

At first, much was said to the elfeot that the machine was not 
a prime mover; but it had been “hitelHsl to a star.” Us system 
of connection with the iirime source of powi-r was at once so 
complete, and its asHociation so intimate as to pertorm more ac¬ 
ceptably and economically than the prime mover itself, and as 
compared with the smaller sources, its economy back to the fuel, 
even at udles distant, was foiiml to he stipcrior. 

The fact that the electric motor is a rotary motor, contrihtites 
to the success of electric motor-driven systems to a di-grce difii- 
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•cult to over-estiluato. Our compreBBed air frieiuls, compelled as 
they are, to use a multiplicity of reciprocating engines as motors, 
have made a long step backward and are certainly in the rear 
in this, as in other features of their system. 

The electric automobile coming upon the scene at this time 


Fig 2. 

jfalls lioir to many of the rioh resiiltH worked out in coiiiuK-tion 
with traiiiway traction. There are many who go bo far us to 
predict that the younger claimant will displace the former, cb- 
peeially the lighter clasa of street car service, and this doubtlcHS 
•will be the case to a degree. 

Electric railways are rapidly reaching ont with wider radii of 
•operation and heavier and heavier e^juipnient, and the aiitomobile 
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will doubtless have wide use as supplemental to the heavier sys¬ 
tems. In fact, co-operation has already been proposed in a num¬ 
ber of instances. Its great flexibility and independence of track 
render it the ideal urban conveyance. 

As the perfection of the electric motor gave the flrst impetus 
to electric tramway traction, so the point now reached in the 
perfection of the storage battery will yield e(jual results in the 
field of the electric automobile. The past three years have ad¬ 
vanced the art remarkably, and drawn to it the attention of both 
skill and capital, and results have followed. 



Pig 3. 

The perfected storage battery presents some remarkable fea¬ 
tures. It even rivals the electric motor in its fitness and special 
adaptability to the autorhobile problem. Its very large reserve 
power at instant command ; its entire freedom from dangOr when 
fully charged ; its almost constant pressure throughout its capacity; 
its recently developed capacity for quick charging; and ease with 
which charge may be obtained in almost any hamlet in the 
country, are among its advantages. 

The author can state definitely from personal tests of the 
principal types of batteries built on the Continent and in England 
that most of the published records are trustworthy as to specific 
capacity at the various rates. Some of the structures, however. 
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are open to serious objection from the standpoint of vehicular 
traflSc. For instance, one of the most popular French batteries, 
though packed with the utmost care, reached this country with 
50^ of the positives broken ofi, and upwards of 40 fragments of 
positive plate disintegrated, per cell. Wliat are we to expect 
with such a cell in the hands of the non-expert ? Fortunately 
materials are at hand and systems of developing the plates per¬ 
fected that render them thoroughly reliable and commercial to a 
degree commensurate with their life. The recent claim of one 
maker that batteries light enough for traction purposes would live 
through 5,000 full discharges is hardly credible, tliough the nega- 
tiv^es of some special types seem to indicate a near approach to 
this figure. The engineer is at present engaged in increasing the. 


1 



Fig. 4. Fig. 5. 


life of the light positive, with every indication of success, at least 
beyond the point ensuring commercial requirement. 

It has been supposed that compressed air is the ideal stored 
power, but it is safe to say that electric storage distances it in the 
important features. Compressed air reservoirs weigh about 85 
pounds per cubic foot capacity for air at 2,000 pounds pressure 
to the square inch, the air itself weighing nearly 11 pounds. 
How many horse power hours will this cubic foot develop? 
Tliose who know are reticent. It is found that by adding to the 
air a large quantity of heat, at extra cost, by compounding 
cylinders and using pressure reducers and wire-drawing valves^ 
all with added weight, that about .27 of a horse power hour may 
be obtained. We know that this weight of storage battery will 
develop 1 1-2 horse power hours, requiring no reducing valves 
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and maintaining' its pressure praetically at (me point until ex¬ 
hausted, rather than gradually exhausting the pressures, as with 
air. This straiglit line of discharge of the batteries is not matched 
by any other storage system of which we now have kiiowledge. 

In common with other systems, the automobile has its limita¬ 
tions which are just beginning to he understood. Tliese are, 
however, largely those of roadway and materials now employed. 
The fact that yielditig tires are at present (practically) indispens- 



a. 

able, atnounts to a tacit acknowledgment of the prevalent in¬ 
feriority of roadway and pavonumts. The universal cry of the 
automobilist is for good roads, and no one improvement will do 
more to create a giant industry. 

Should the pavements ever he so improved as to‘render the 
rubber tire unnecessary, would the steel tire do the work? The 
bearing of this question upon the heavier class of automobile 
drays, vans, etc., led the author to cause trials to be mack toucsh- 
ing this subject. Tests were made with a vehick, having two 
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driving wheels, supplied with smooth, wide-faced steel tires, 72^' in 
diameter, carrying i)0% of load. The approximate draw-bar pull 
was ascertained on various kinds of pavement, dirt and gravel 
roads and macadam, on the level, and on grades, wet and dry. 
It was found that under the most adverse circumstances, ample 
adhesion could be relied upon for any conditions liable to be met. 
Soapy and greasy 1 Belgian block pavement was found to give 
most trouble, but even here, 20^ drawbar pull could easily be 
relied upon, with some, but not serious, slipping. 



A lasting impression of the adhesion and value of smooth tires 
for road traction, is made by S(H3ing a vehicle of this kind,a8ccnd- 
ing a 20 per cent, grade on an ordinary gravel road and rising 
easily, uphill over a 4'' x 4'^ timber, placed in front of first one 
and then l>otli the driving wheels, working as well on the wet 
portions as on dry. 

The designer of the autombile is confronted with some practi¬ 
cal probhmiB which have not received attention at the hands of 
the railway engineer. For instance, in the simple matter of ren¬ 
dering the vehicle directible, and easily controlling the gniding 
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mecliaBism. Especially is this true in so arranging the parts 
that obstructions will not easily derange the mechanism or throw 
the vehicle out of its course. When one or the other of the 
guiding wheels encounters an obstruction of importance, the re¬ 
action works back to the guiding handle, tending to “ whip” it 
out of the hand of the operator and throw the vehicle out of its 
course. (Recall the threshing of pole or thills in ordinary 
vehicles.) Many attempts have been made to reduce the leverage of 
reaction, but at best it has remained a problem of some importance. 



Fig. 8. 

The accompanying illustrations, Figs. 1 and 2, shows the method 
employed by the author. Tests designed to thoroughly demons¬ 
trate the practical operation of the device, and especially to com¬ 
pare it with the one ordinarily employed are illustrated in Figs. 
3, 4, and 5. It was found that the amount of'side-thrust trans¬ 
mitted to the guiding handle was practically in proportion to the 
leverage measured by the distance between the steering axis and 
the plane of the wheel, af the height of the poiTit of interception 
of the obstruction. A 20'' controlling handle was connected for 
equal angular movement with the swiveling axles, the wheels 
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being the same diameter, viz., 32'^ and loaded with the same 
weight, viz., 370 pounds. A small obstruction causes so flat a 
trajectory curve as to be negligible ; this curve is seen at ai y 
(Fig. 5). I have used, as the height of obstruction, the 
smallest dimension of an ordinary Belgian paving block, lying 
upon its side, assuming this to be the standard ol)struction to 
be encountered by the various wheels in tliese tests. Ojxu’at- 



1 ). Ul 

ing the two (levices each a mimlier of times over this obatrm^- 
tion, at difTerent speeds, a moment of effort upim the hamlle, 
tending to swing it laterally, or snatch it out of the grasp of 
the operator, was found to be in the two cases as follows: 
Figure 4, ordinary device; mean value for pull r- i{)| lbs. 
Figure 2, author’s device; mean value for pull = f) lbs. 

This shows an entirely dilferent action under practical operating 
conditions. 
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It will be seen from Figs. 2 an<l 3 that the steering axis is 
made to intersect: the plane of tlie wheel well up from the 
bottom or ground line, where obstructiotis are emaumtered and 
where they may be met ‘Miead on,''and therefore eittiridy neutra¬ 
lized, as has been demonstrated, giving no teiuhmcy to delkadion 
of the wheel in either direction. 

It is also found that the arrangement gives the vehicle a 
cpiality of self-centering, or running straight-forward, hmuln off. 





ibis, as will readily be seen, is a natural rmnlt of the oblic|uity 
of the steering axes, The wlu^ols, when turned, in the act of 
guiding, describe a conic section, the lowest point of winch is 
the straight-forward running position. Another peculiar feature 
is, that in this action, each wheel is entircdy independent of the 
other, throwing no stress either upon the conneeting or guiding 
rods. Another oxcadlent eiTeet is the result U(Hm the tires, the 
act of steering tending to describe a small are, rather than the 
usual twisting of the tires. This can be especially noticed when 
the vehicle is standing still Fig. 6 shows the inner wheel 
turned 45®. 
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This system of mounting the wheels is found to have peculiar 
advantages on rough roads and over obstructions, preventing 
entirely the reaction to the steering handle, giving entire immu¬ 
nity from fear of the controlling handle being suddenly wrested 
from the grasp of the operator; and on ordinary smooth pave¬ 
ments, instantly assuming the forward position, upon being 
given the reins.” This feature has been employed upon a 
number of vehicles both here and abroad, and is well received, 
it is found with autoniobiles that while the best practice in 



Fig. 12. 


tramway traction can be followed closely in the main, yet the 
different conditions under which the vehicles operate, weight of 
motor permissible, height at which the motors are mounted, 
enormous variation in the rolling friction factor, and other points, 
allow of departures, which have an important bearing on the 
motor design and construction. Tor instance:—With the auto¬ 
mobile, only a small motor is allowable. This should be light 
and yet should deliver all the power necessary in case of emergency. 
It is found practical to use a motor with a somewhat increased 
ratio of copper to iron, which should have a high overload capac- 
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ity, but more than all, it is found that the size and weight of 
the motor can be greatly reduced, if the gears can be practically 
'Compounded. This is especially desirable owing to the enormous 
variation in the rolling friction factor. 

Obstructions and grades are encountered, never met on tram- 
tracks and at the same time may be coupled with soft road^ 
which, owing to the weights necessarily present, would render 
progress impossible, unless an inordinately large motor were at 
hand. At such times, often if a few feet only can be compassed 
the journey can be resumed. It is under these and similar con- 



Fig. 13. 

ditions, that the value of the compound gear becomes apparent. 
One form of this gear, employed in a number of vehicles, has 
been found to be entirely satisfactory, increasing the leverage of 
the motor over the load. In case of a motor, with a suitable 
overload factor, this gear, while only doubling the leverage, is 
found to compass anything that has ever been encountered in 
■city, park and country service. Any ratio of gearing can of 
course be employed. By means of the compound gear, the 
torque is brought up to nearly the slipping point of the drivers 
without overdraft of current-supply from the battery. The 
manipulation is by a small handle, usually imbedded in the 
cushion at the side, it being used only at infrequent intervals. 
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'This lever attaches the upright arm seen in Figs. Y and 8, the 
gear just being visible. This compound gear not only enables a 
small motor to meet an emergency, but has an important bearing 
upon the storage battery, acting as a safe guard in a very important 
^ense, preventing,as it does, inordinate over-drafts of electric cur¬ 
rent,and in this way, enabling lighter plates to be employed, with¬ 
out fear of “shedding” the active material. Another feature of 
importance in connection with the compound gear is found to be its 
interlock and interaction with the controller. This feature rend¬ 
ers the compound gear entirely successful in the most incompe¬ 
tent hands. The gear cannot be thrown or changed, when the 
current is on, nor can the current be put on until the gear is en¬ 
tirely thrown to either one or the other of its normal operative 
positions. This is done automatically and without the knowledge 
■of the operator. 

Speaking again of the motor, as a whole, its elevated position 
and the comparatively open space it occupies, when compared 
with street car motors, enables the employment of ventilation. 
This should be designed with care, so as to prevent ingress of 
water and moisture. The ventilation is especially applicable to 
"the small sized motor considering the heavy overloads to which 
they are frequently subjected. 

In the hands of the non-expert, simplicity of control is found 
to be indispensable to satisfactory operation. 

With the automobile, there is one handle, which always should 
be kept in hand, viz., the steering handle. The question 
naturally arises, “why not let this handle do all of the work of 
•controlling the vehicle In^ a paper before this body, in 1894, 
the writer pointed out a system of tram car control, which has 
since been widely adopted, in which starting, stopping, speed 
■control and brake were confined to the operation of a single han¬ 
dle. This having now been classed as the best practice with tram 
cars, why not utilize the combination in connection with the 
steering handle, allowing it, by the most natural and almost 
trivial movements, to do the whole work of operation. In 
this way, the entire control of the vehicle is simplified to a 
tsingle handle. The direction of the vehicle is controlled by 
lateral movement of the lever, the vehicle going in, apy direc- 
-tion to which the handle is pointed or aimed. Depressing the 
handle, from notch to notch, increases the speed, and pulling 
tup the handle, as one would draw in the reins, in case of 
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emergency, instantly turns off the current and applies power¬ 
ful brakes. The intensity of the brakes is increased as the- 
handle is further raised. When the speed has been reduced, by 
again lowering the handle, any of the speed notches can be read¬ 
ily picked up; the speed and brake being always under instant 
control, one hand only being engaged. It is apparent that the 
current manipulation to the motor and brakes requires only an 
imperceptible effort. In production, the controlling handle is- 
made either to stay where placed; or is self-raising to the brake 
position, to suit the fancy of the owner. The controlling handle- 
lying nearly horizontal, the ‘‘aiming’’ action in steering (see 
T'ig. 6) completes the simplicity of the operation. 

The controlling head, which is shown in Figs. 9 and 10 is sup¬ 
plied with an indicator showing at all times the position of con¬ 
trolling cylinder. Fig. 9 shows first speed and I ig» 10 I he third 
speed, and by touching a button on the side (seen in lig* 11) 
the handle may readily be raised to position shown in the figure, 
for convenience of occupants, especially for getting in and out on 
the driver’s side. 

In crowded thoroughfares, the brake is the most important 
feature of the automobile. The French authorities in passing 
upon vehicles, insist upon this factor more than any other, and it 
is certainly the most indispensable. Whatever else the vehicle 
can or cannot compass, it must be possible to stop it, and that in¬ 
stantly, on occasions. The brake should be powerful and at 
least in duplicate. The carriages illustrated herewith are eaclx- 
provided with three separate brake systems. 

The location of the controller beneath the foot board (as seen in 
Fig. 11) is found to present decided advantages in point of conven¬ 
ient interlock and inter-connection with the brakes. The motor can¬ 
not be started without fi.rst removing all the brakes. This location- 
gives ready access at all times and upon all sides by the hinged' 
floor; gives a natural interlock between the controller and the com¬ 
pound gear above referred to, and also between the controller and 
charging terminals, which are also here located. Numerous 
accidents and even wrecks have been caused by failing to open a 
special motor switch, when placing the controller in series posi¬ 
tion for charging. A simple interlock, with the charging ter¬ 
minals entirely eli min ate8‘this danger, and indeed the. interlocking- 
system throughout the carriage very thoroughly protects it in 
inexperienced hands; for instance, if the directing indicator* 
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(seen in Figs. 2 and 12) is removed, the motor and controller are 
locked. If the index or pointer of this indicator points forward 
the vehicle will go forward. If to the rear, .the vehicle will go 
backward. If it points pipward, (as seen in Figs.. 6, 9 and 11) 
the carriage may be charged, but when in this position, all the 
conductors of the motor cable are automatically open-circuited^ 
preventing accident. The pointer can never be manipulated 
until the controller is first open-circuited, and if the index is- 
only partially turned, through carelessness, or otherwise, the con¬ 
troller cannot be operated until the mistake has been corrected. 

The motor being light and small normally, should be of re¬ 
latively “high speed,still farther reducing the weight. A small 
motor is possible with the compound gear. The double reduction 
motor possesses advantages of allowing the hand-brake to be opera¬ 
ted on the intermediateshaftjthus working through the compensa¬ 
ting gear. A small brake, in this way, gives all the leverage ne¬ 
cessary, being one reduction back through steel gears with small 
peripheral velocity, thus act'ug without noise. Another advan¬ 
tage of double reduction is in keeping all the gears of the power 
system small, and thus ensuring a neater appearance. The some¬ 
what higher speed permissible in the double reduction arrange¬ 
ment also renders possible the bipolar motor, with its higher 
efiSciency, as compared with the multipolar. Every condition 
tending to higher efiiciences should be considered in connection 
with automobile equipment, as conserving the resources of the 
battery. These conditions are not as necessary with systems of 
tram traction, where the prime source of power is always 
available. 

The location of the controller and current-manipulating 
switches low, (as seen in Fig. 11) and in front of the batteries,, 
avoids hydrogen detonation and eliminates all danger of ex¬ 
plosion from spark or opening circuit. 

Much has been said of one motor versus two. This is largely 
a matter of mechanics; it is conceded that one motor gives 
higher efficiency than two of half the power, and is less expensive 
to maintain. As even the heaviest strains are comparatively 
small, the compensating gear,.where one motor is employed, i^ 
easily maintained, yielding a combination which is far simpler 
and employs less parts than with a, double motor equipment. 

The automobile will, for some time,: necessarily, be in the 
hands of the inexperienced and non-expert, and while it is n,Qt 
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possible to render it -‘fool proof,” yet certain safeguards may be 
employed in and about its operating devices and charging system, 
which will materially reduce and almost prevent derangement. 
The manipulation may be be so thoroughly interlocked as 
to effectually prevent a wrong operation preceding the right 
■one, and rendering it nearly impossible to make a mistake 
in anything like normal operation. Interlocks and safety 
devices are used in many branches- of engineering; the in¬ 
troduction of automatic interlocking switches is a notable 
example, having placed steam railway operation on an en¬ 
tirely new basis. After subjecting these devices to continued 
practical test, and altering them until the requirements seem to 
have been met, the author is prepared to say that there is no 


reason why the important results reached in the interlocking 
switch and signal system, should not be compassed in automobile 
manipulation, and by devices vastly simpler and less expensive. 

As to charging and care of batteries, it is believed that the 
differential watt-meter system for ordinary use, coupled with the 
periodic inspection by an expert from tiie home office or local 
headquarters, is the best arraugement now at our command. 
The author has fouud that the differential factor of the watt¬ 
meter should be adjustable, and should be brought from time to 
time into step with both the efficiency and charging curves of 
the battery. These curves cliange and are peculiarly altered by 
the time factors. These adjustments are easily made through 
determinations by the use of hydrometer. This can easily be 
one of the duties of the periodic inspection above referred to. 
The practical employment of the adjusting feature, or in fact 
any device, by means of which the meter may be kept in step 
wit 1 the battery, is found to constitute such a meter an almost 
perfect safeguard against the destructive effects of overcharge 
and overdischarge in inexperienced bands. One tray of the bat- 
tones is show,n in Fig. 13. 

conveyance, or a delivery system, operating a 
nmber of vehicles from one station, it may not be difficult to 
secure the services of a single expert attendant, yet for anything 
like commercial operation, the automobile itself must be entirely 

rS 1 ", Emphasis should 
y ^ id on the fact that.the driver must be a man familiar es¬ 
pecially at first, with the routes and business in hand. The 
vehicle must be depended upon to perform successfully, even 
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under the most trying conditions, without demanding especial 
thought or attention on the part of its operator, who should 
simply be a good driver, and who, from an engineering stand¬ 
point, would be considered thoroughly non-expert. 


Discussion'. 

Mr. Hermann Lemf Jr. :—The work of Mr. Sperry is well 
known. Yet it is well to know, that from personal information 
J have from Haris, his carriage was rated as A JNo. 1, and that in 
the land of the automobile. 

^ Nor will it detract from his work if 1 say that of all automo¬ 
bile carriages to be built the electric carriage is tlie easiest. There 
is only one trouble : The storage battery. Our storage battery 
friends will say no, the trouble is everywhere else. In other car¬ 
riages there may be a number of troubles but in the electric car¬ 
riage there is only one; the storage battery. 

Mr. Sperry has laid particular stress upon the value of a safe 
steering arrangement. I fully agree with him on that. The 
wheels of an automobile ought to be always locked completely 
and guarded against any strain from the road, and yet be p-acti- 
cally free to be moved by the operator without any particular- 
energy or skill on liis part. We have operated a number of car¬ 
riages by a hydraulic steering cheek, which need not be described 
at present. 

1 am rather surprised that Mr. Sperry should bring up the 
questiou^of a change of gear. No doubt he has very good rea¬ 
sons for it, but I think he himself this morning made the plea, 
for simplicity in apparatus, and if there is anything that recoin- 
niends an electrical carriage or a steam carriage, if is that there 
is only one thing to operate and not two or three. While Mr. 
Sperry operates all by one lever, 1 do not think it is real sim¬ 
plicity because it means introducing a number of devices which 
are apt to give trouble. The electrical carriage in my opinion is 
paramount in success for its simplicity, consisting only of a 
battery, a motor, a controller and a brake. 

Mr. Sperry seems to be in favor of one motor. I think that is 
a subject open for discussion. It is said a differential gives no 
trouble but I think it does. If one of the wheels slips it will at 
once cause the other wheel to lose traction as well, whereas if the 
two wheels may be independently moved, one may slip while the 
other will do the work of two. For that reason, when a single¬ 
motor is used I would prefer a clutch arrangement. I don’t think 
I have anything more to add on the subject but may communi¬ 
cate a few more remarks later on. 

Mr. C. ay Eice:— At page 494 Mr. Sever says the weight of 
the wagon complete is about one ton, so that the cost to run 
it is lb cents per ton mile. Page 503, the weight two tons,, 
and on page 506 he states it cost about five cents, that is two and 
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one half cents a ton a inile. So that makes a comparative cost 
between seven and eight times cheaper to operate the electric 
•delivery wagon a mile, than the horse and wagon. The cost of 
•charging in JS'ew \ ork city for 14 kilowatt hours will be roughly 
forty cents- An electric wagon can run about 20 miles which 
checks up with these figures, making two cents per mile. There 
.are about ten stations where electric wagons can be charged, so 
that the opportunity for the development of the electric auto¬ 
mobile seems to be considerable. 

Mb. Sperry: —The compound gear I think I endeavored to 
point out in the paper was introduced more as a safeguard to 
-our weakest member, the battery \ 1 want to say also about 
the valuable paper by Professor Sever, to which we have listened 
that 1 look upon it as setting up a mile stone marking progress. 
It shows where we are at the present time. We hope to 
gain still greater heights and I can assure you that there is work 
.ahead for us all in that line. It is no easy problem, entertaining 
as it may appear; it is fraught with many practical diflSculties, 
;Some of which Mr, Lemp has met, and it is worthy of our best 
mettle, and only by concerted efforts and the best engineering 
ability obtainable can we expect to equal the time-*honored, and 
most honorable horse. Plis system of traction is unique, and 
nature has certainly provided him with a means of locomotion 
which in “draw-bar pull” is ideal. Again, we have had him so 
many years, I might say so many thousands of years, that he has 
become a part of our existence and civilization, and we must not 
hope to wholly’ displace the horse. But the demand of the 
municipalities and cleanliness of our streets, make it necessary 
that some better motor should be provided. It seems as Mr. 
Lemp has pointed out, the simplicity of the electric motor is 
its charm. There are fields for other motors, but we as electrical 
engineers are interested especially in the electric motor, and as I 
.say we must work together shoulder to shoulder to gain one 
point after another, and I hope that when another year rolls 
-around we may have indications that substantial progress will 
have been gained in this matter of displacing the horse in our 
streets. 

Mr. Blood In connection with the differential gear, I might 
•state when you come to balance off weight for weight of motor 
with a double gear or a motor geared direct, you will find not 
yery much saved. Take for instance three sizes of the motor 
which are necessary for all styles of carriage service, one of two 
horse power, one three and one five, the first one will weigh about 
160 pounds with an armature speed of about 900 revolutions, the 
second 205 pounds and the third one 250 pounds. With an in¬ 
crease of about 50 per cent, you more than double the torque, 
double the output, and in order to double the output with differ¬ 
ential gear, I do not think they will use more than 2 to 1 gear, 
the extra weight of the gear and the clutch mechanism and the 
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handle will come pretty near to 50 per cent. It amounts to some¬ 
what the same thing in case of two motors versus one motor, 
.although the arrangement there 1 think as Mr. Lemp says is due 
more to simplicity and ease in running, than to the weight. Al¬ 
though the differential clutch itself does not weigh anything like 
the-increase in the weight of the two motors versus one; the ar¬ 
rangement necessary of the differential clutch entails other points 
in weight beside itself. 

Prof. Thomson:— The question seems to me to involve a sort 
of balancing between what you like to do and what you must do. 
The ideal arrangement seems tome to have traction on the four 
wheels, that is to give each of the forward wheels also a motor, 
as we can lighten the wheels, lighten the structure, and take off 
weight here and there from the rear wheels. When we put 
motors on the forward wheels I am not so sure but that it 
would come to pretty nearly the same weight in the end, and 
when we consider that some of the wear and tear of the battery 
might possibly be saved by this arrangement, it becomes a propo¬ 
sition which we should consider. Of course, I realize the fact 
that the smaller the motor, the less the efficiency, but there are so 
many other factors that come in which it is difficult to estimate 
and balance, that it is worth while to consider all sides of the sub¬ 
ject. At the same time it is probably possible to standardize the 
motors, and that of course conduces to low cost of manufacture. 
If I ever get an electric vehicle for my own use it will have trac¬ 
tion on the four wheels. There is another reason why I say this 
and that is; in winter time when roads are slippery you 
want all the traction you can get, four wheels being none too 
many wheels to do the pulling, especially if you are on a hill 
rather icy, or if you are climbing over a snow bank. In such 
cases it does not seem very easy for the rear wheels to push the 
forward wheels, but if the forward wheels have traction as well 
as the rear there is a better chance to get over obstructions. 

Mr. Sprrry :—I v’ould like to say one word about the interest¬ 
ing feature of encountering snow. Last year when we had the 
enormous snow storms in New York, arepresentive followed these 
vehicles and the records they made were astonishing under the 
circumstances. A vehicle was also running in Olev'cland all 
winter long, so as to get the effects there, and as a result of these 
two observations I might say that the nlotor vehicle is not stopped 
by snow. As Professor Thomson has stated, there could be no 
harm in constituting every wheel a driver. It is that kind of 
suggestion we want. And the best efforts of us all are none too 
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The Committee on Resolutions submitted the following report 
which was unanimously adopted : 

Whereas, the American Institute op Electrical Engineers at this, its- 
16th General Meeting, and its 135th consecutive meeting, held in the city of 
Boston, Massachusetts, June 26th, 27th and 28th, 1899, has been the recipient 
of many courtesies and privileges during its stay in Boston, which have greatly 
contributed to the interest, pleasure and profit of the members ; Be it resolved j 

Eirst, that a vote of thanks be extended to His Honor, Josiah Quincy, the 
Mayor of Boston for the honor bestowed by his attendance at the opening cere¬ 
monies of the Institute and the felicitous expressions and appreciation of the 
work of the Institute as conveyed in his opening address, and for his courtesy 
in furnishing the steamer, /. Putnam Bradlee, in connection with the trip of 
the Institute to Pemberton, Nantasket and Braintree. 

That a vote of thanks be extended to the Massachusetts Institute of Tech¬ 
nology and the various professors thereof for the use of the Walker Building 
in which to hold the sessions of the Institute and for the various courtesies 
received during these meetings. 

That a vote of thanks be extended to President Charles W. Eliot, Professor 
IraB. Hollis, Professor John T. Trowbridge of Harvard University, and the 
members of the committee, Professor C. A. Adams, Jr., of the Lawrence Scien¬ 
tific School, W. P. Burke, S. E. Whiting, Professors Sabine and Hall of Har¬ 
vard, Professor George E. Sever, of Columbia University, Dr. Hammond V. 
Hayes. Charles P. Hopewell, City Electrician, and others who rendered so 
enjoyable the visit of the Institute to Harvard University and Cambridge. 

That a vote of thanks be extended to James T. Monroe. President, and mem¬ 
bers of the Technology Club for the invitation to our members to avail them¬ 
selves of the privileges of the club during our stay in Boston. 

That a vote of thanks be extended to W. A. Bancroft, President of the Bos^ 
ton Elevated B B. for the use of the trolley cars placed at the disposal of the 
Institute in connection with its visits to the^ Terminal Station, the Boston 
Electric Light Station, Cambridge, the works of the New England Gas and 
Coke Co., Noruinbega Park, to steamer landing, etc., also for the invitation 
extended to visit the Albany Bt, Harvard, Boylston and other power stations. 

That a vote of thanks be extended to the Edison Electric Illuminating Co. 
for the invitation to inspect its five stations for supplying light and power. 

That a vote of thanks be extended to the Boston Electric Light Co for the 
invitation to inspect their various stations for supplying light and power. 

That a vote of thanks be extended to the otficials of the Boston Terminal 
Company for the invitation extended to inspect the many engineering features 
at the Terminal Station. 

That a vote of thanks be extended to the New England Gas and Coke Co. 
and to Messrs G. H. Finn, General Manager; Louis J. Hirt, Chief Engineer 
and Dr. Schnievrina, chemist, for the courtesies in connection with the visit of 
the Institute to the works of that company. 

That a vote of thanks be extended to the New England Electric Vehicle 
Transportation Co. and to Col. Albert A. Pope, for the use of the automobiles 
placed at the disposal of the Institute in connection with the visit to Harvard 

^T?hat^aTmte of thanks be extended to Mr. E. W. Bice, Jr., Vice-President 
and the General Electric Company, for the cordial invitation to visit the works 
of the company at Lynn, Mass., and Schenectady, N^w York. 
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That a vote of thanks be extended to Professor Elihn Thomson for his invi¬ 
tation for the Institute to visit informally his home at Swampscott, Mass. 

That a vote of thanks be extended to the American Telephone and Telegraph 
Co, for the courtesy extended to the Institute in offering the free use of its 
long-distance telephone lines. 

That a vote of thanks be extended to the New England Telephone and Tele¬ 
graph Co. for placing at the Institute headquarters a telephone desk and set 
for free use of our members for Boston and suburban service, together with an 
invitation to visit their exchanges. 

That a vote of thanks be extended to Edgar P. Ohamplin, Mayor of Cam¬ 
bridge, for the courteous invitation to visit the Manual Training School^ 
pumping station and water works of the city of Cambridge. 

That a vote of thanks be extended to Mr. C. Atherton Hicks, President, for 
the courteous invitation to visit the opening ceremonies of the Needham and 
Boston Street Railway Company, Wednesday afternoon, June 28th. 

That a vote of thanks be extended to Col. Heft and the officers of the N. Y.,. 
N. H. and H. R. R., for the use of a special train over the Nantasket branch 
of their road, and the invitation to inspect the details of both the overhead and 
third rail supply systems, power houses, etc. 

That a vote of thanks be extended to the Boston Local Committee, Professor 
W. L. Puffer, Chairman; James 1. Ayer, Vice-Chairman, and Messrs. Geo. W.. 
Blodgett, Wm. Brophy, G. L. Edgar, W. C, Fish, A. Y. Garratt, H. Y. Hayes,. 
Chas. F. Hopewell, Sidney Hosmer and Everett Morss for their most able and 
untiring efforts to make the stay of our members both pleasant and profitable^ 

WILLIAM J. HAMMER, 

H. WARD LEONARD, 

W. D. WEAVER, 

Committee, 

The President :—In adjourning this meeting I want to say 
that I think we have had a very successful meeting. We have 
had very valuable papers and discussions, and I can only hojie 
that when the Institute next comes to Boston it will maintain 
the record here established. We have every reason to congrat¬ 
ulate ourselves and to thank everybody for entertaining us. 

On motion the meeting then adjourned sme die. 
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[Aug. 23 


Associate Members Elected at Executive Committee Meeting, 
August 23rd, 1899. 

Name Addiess _ Endorsed by 

Burkett. Chas. Watson Assistant, Engineering Dept. J. P. Jackson. 

Southern Bell Tel. & Tel. Co , J. A. Wotten. 

87 South Pryor St, Atlanta,Ga. F. A Pickernell. 

Clark, Wm. Edwin With Olarkfand Mills, Engineers Jas. I. Ayer. 

& Contractors, residence, 1440 C. A. Adams. 
Mass, Ave., Cambridge, Mass. Ralph W. Pope. 

DuBois, Tuthill Electrical Mechanic. N. Y. Navy M. Osterberg. 

Yard, 2205 Pitkins ^ Ave., E. R. Knowles. 
Brooklyn, N. Y. Jas. Hamblet. 

Goodman, Wm. Geo. Toop Electrical Engineer, Tramway G. J. Fischer. 

Construction under N. S. W. J. S.Fitzmaurice. 
Government, Public Works Dep. S. W. Childs, 
residence, 85 Bondi Road, Syd¬ 
ney, N, S. W. 

Hall, Fred’k A, In Draughting Room, Westing- H. Lemp. 

^ house E. & M. Co., residence, Thorburn Reid. 
6033 Stanton Ave., Pittsburg, John B. Blood. 
Pa. 

Hallberg, j. Henry Electrician & Designer of Arc T. C. Martin. 

Lamps with Standard Ther- C. C. Chesney. 
mometer & Electric Co., Pea- Jos. Wetzler. 
body, Mass., residence 151 La¬ 
fayette St., Salem, Mass. 

Heft, N. H. Chief of Electrical D^t.N.Y. N. E. C. Boynton. 

H. & H. R. R,, Hew Haven, E, B. Higgins, 
residence Bridgeport, Conn. R. W. Pope. 

Hewlett, Ernest Holcombe Electrical Engineer in Chief Arthur W. Jones. 

Control Rockhampton Gas & G. J. Fischer. 
Coke Co., Ltd., residence Esto- Ralph W. Pope, 
ril Rockhampton, Queensland, 

Australia. 

Lansinqh. Yan Rensselaer Electrical Engineer, Western A. H, Ford. 

Electric Co., residence 6109 H. H. Wait, 
Kimbark Ave., Chicago, Ill. Gerard Swope. 

McLain, Ralph Clapp Assistant Engineer to Construct- R. H. Mansfield. 

ing Engineer, Naughton & Co., F. J. Sprague, 
residence 126 East 23rd St., A.W. Berresford. 
New York. 

Naphtaly, Sam. L. Manager and General Superinten- N. S, Keith. 

dant 1 he Central Light & Power F. G, Cartwright. 
Co. Room 500, Parrott Building, A.E. Brooke Ridley 
San Francisco, Gala, 

Eyerson, Wm. Newton Switchboard Attendant, Metro- C. 0. Mailloux. 

politanStreet Railway Co.,resi- E. N. Carichofl!. 
dence 332 West 56th St., New’ G. H. Hill. 

York. 

Stewart John Bruce Superintendent. Electric Plant L. G. Lilley. 

Virginia Hot Springs Co., C. Stowe Reno. 
Hot Springs, Ya. Bert L. Baldwin. 

Waller, Chas. Waite Sales Agent, General Electric Co., Sidney B. Paine. 

Boston, Mass. Chas.B.Burleigh. 

EdwinW. Hammer. 

Wilson, H. S. Superintendent, Puebla Electric J. B. Gaboon. 

Light Co., Puebla, Mexico, J. R. Lovejoy. 

R. W. Pope. 



AMEEICAN INSTITUTE OF ELEOTEICAL 
ENGINEEES. 


New Yoke, September 2'rth, 1899. 

The 136th meeting was held this date at 12 West 31st street 
and was called to order by President Kennelly at 8.15 P M ’ 

The Peesident The Secretary will read the announcements 
for the evening. 

The SEGEETAEY_:-At the meeting of the Council held this af¬ 
ternoon the following foreign members were elected: 

Endorsed by 

H. C. Wilson. 
E. W. Pope. 

m /-'* * ,r , • 


Name 


Address 

-Campbell, Henry Arthur Electrician. Jamaica Electric Light 
& Power Co., Ltd., 38 Harbor St., 
Kingston, Jamaica. 

Davis, Leslie Foster 


T. C. Martin. 

H. C. Wilson. 
R. W. Pope, 
T. C. Martin. 


Secretary and Manager, Jamaica 
Electric Light & Power Co.. Ltd 
Harbor St., Kingston, Jamaica' 

Ihe following associate members were transferred to member- 
ship: . 

W'lLLiAM Enoch Moore, General Superintendent and Electrician, The Augusta 
Railway and Electric Co., Augusta, Gfa. 


Henry M. Hobart, 
O. Sacco Albanese, 


Et^ineer,care British Thomson Houston Co. London 
England. ’ 

Eleotrioal Engineer, Tramways Electrique de Nice 
Nice, Prance. 

At the same_ meeting the Secretary was instructed to have 
printed an edition of one thousand copies of the Standardization 
Committee s Report. It appeared in its perfected form in the 
June and July number of the Transactiohs which has been circu¬ 
lated. I make this announcement in order that members who 
require separate ^pies in their work may procure them at the 
nominal price. That is, the retail price has been fixed at ten 
cents and five cents in quantities of ten or more. The pamphlet 
as It now appears has been revised thoroughly by this committee 
and was finally adopted by the meeting at Boston. It appeared 
as a preliminary report, as yon may remember, over a year aeo 
and was discussed at Omaha. ° 

The President The paper for this evening is upon “ Series 
Arc Lighting from Constant Current Transformers” by Prof 
Robb who is present and we shall be pleased to hear from him. 
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A ^aper presented at the isbth Meeting of 
the A?neriean hisiitute of Electrical E71- 
gineers^ New York^ Septe7nber iSgg. 

Preside7it Ken7ielly in the Chair. 


SEEIES ARC LIGHTING FROM CONSTANT CURRENT 
TRANSFORMERS. 


BY ‘WM. LISPENARD ROBB. 


In all long-distance transmissions of electricity, and when 
large areas are supplied from a single advantageously located 
power plant we must, at least in the present state of the art, 
generate and transmit alternating current. 

In general it will be found desirable in my opinion to supply 
current to the street lights from the same secondary mains that 
supply the current for the commercial lighting and power. 
There are, however, in most places large districts in which the 
streets are lighted by arc lamps, and where there is no commer* 
cial lighting or power. These sections can be most economically 
lighted by series arc lights. 

Various methods of operating series arc lamps from alternat¬ 
ing current systems have been suggested, and are in successful 
operation. 

In several well-known stations in this country, continuous cur¬ 
rent series arc dynamos are driven by synchronous or induction 
alternating current motors, the are dynamos being either direct- 
connected to motors or belted from a line shaft which is driven 
by motors. In England, direct-current series arc lamps are 
operated successfully from rectitiers. In 1896 the Hartford 
Electric Light Company, with which I am associated, decided 
that it would be advantageous to make a radical change in its 
system of series arc lighting, with a view to obtaing a greater 
economy of operation. The series commercial arc lamps and 
the street lamps in the same section of the city were changed 
over from series open-air arc to constant potential arcs. It was 
considered advisable to continue the series arc lamps for lighting 
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the outlying portions of the city* Propositions were considered 
both for using motor-driven series arc dynamos and for using 
rectifiers. 

An order was finally placed with a manufacturer for a recti¬ 
fier. A satisfactory rectifier never materialized, and we were 
unsuccessful in our attempts to import one from Europe. 

. The development of the enclosed arc lamp quickly led to the 
evolution of a satisfactory alternating current arc lamp of the 
constant potential variety. The perfection of this lamp led Mr. 
Eichard Fleming, one of the engineers of the manufacturing 
company, to suggest the advisability of operating series alternat¬ 
ing arc lamps from the constant-current transformer, which 
formed one of the essential parts of the rectifier. 

An experimental transformer having a capacity for operating 
30 lights in series, was installed in April, 1898. After being 
subjected to a thorough test in the central station it was put in 
practical operation on a street circuit. The results of these tests 
were so satisfactory that an order was soon placed' for several 
transformers each having a 100-light capacity. The first of 
these transformers was installed about a year ago and during the 
year all of the continuous-current series arc dynamos have been 
replaced by constant-current transformers. 

It has seemed to me that it would be of value to some of the 
members of the Institute if the data obtained in the operation 
of these transformers was made a matter of record in the pro¬ 
ceedings. 

The Constant Oureent Transformer. 

Each transformer is enclosed in a cylindrical tank. The tanks- 
were originally made of boiler iron riveted up, but it pi'oved 
impossible to keep these tight against the transil oil in which 
the transformer is immersed. The tanks are now made of cast 
iron. 

The core of the transformer is of the sheet type, with a large 
central vertical core rising the whole height of the tank. This 
central core is surrounded by the primary and secondary coils and 
the magnetic circuit is closed by return paths outside the coils. 
In the transformers as made by the General Electric Company 
there are two primary and two secondary coils. One of the pri¬ 
maries is fixed at the bottom, and the other at the 
top of the central core. The two secondaries are free 



1899.] ROBB ON G0N8TAN1 CURRENT TRANSFORMERS. 


535 


to move up and down between the primary coils, and are 
so connected together that when one falls the other, rises. 
They may approach into contact with each other at the middle of 
the tank, or from this position one may rise toward the primary 
coil at the top, while the other falls toward the primary coil at the 
bottom. Oonmcted with the chains by which they are balanced 
is a lever which extends outwardly from the top of the oil tank 
and carries depending from its outer end a heavy adjustable 
weight. The lever is supported on a hardened steel knife-edge. 
This weight tends to force the two secondary coils respectively 
toward the two primary coils. When the transformer is in oper¬ 
ation the currents induced in the secondary react upon those in 
the primary and tend to force the coils apart. This force is bal¬ 
anced for the desired normal current by the adjustable weight 
outside of the case. If the resistance of the secondary circuit falls, 



Fig. 1. 

due to the cutting out of lamps, the current increases slightly, 
increasing the repulsion effect, and the secondary is pushed fur¬ 
ther away from the primar}’, giving a chance for increased mag¬ 
netic leakage between the primary and the secondary, which re¬ 
duces the B.M.F. in the secondary, bringing the current down to 
practically normal, even with wide changes of resistance. The 
regulation obtained is ^ad justable by means of a cam-shaped seg¬ 
ment which can be moved on the outer end of the weighted lever. 

The principle of regulation was first suggested by Prof. Elihu 
Thomson and its application to the operation of constant current 
transformers is broadly patented by him. 

By bringing out the proper connections from the secondaries, 
the total number of lights may be operated as a single circuit, 
or operated in any desired number of multi-circuits in a manner 
similar to the well-known method employed on the Brush series 
dynamos of large capacity. 
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The larger sizes of this type of constant current transformers 
;are always so arranged that the lights can be nm on two circuits, 
or a single circuit, as may be desired. Owing to the high voltage 
of the enclosed arc lamp, the 100-light transformers usually operate 
two circuits connected upon the multi-circuit principle. 

The transformer can be adjusted so as to give practically a con¬ 
stant current between one-third load and full load. As the 
properties of the transformer make it undesirable to run the trans¬ 
former at less than one-third load, no attempt has been made 
to so construct the transformer that it would regulate under 
smaller loads. By adjusting the cam-shaped segment from which 
the counter-balancing weights are suspended, it is possible to reg¬ 
ulate the transformer so that the current will increase or decrease 
as the number of lights is varied. The curves shown in Fig. 1 
show the range of regulation that can be obtained by varying the 
adjustment of the cam supporting the regulating weights,| 



NUMBER OF LAMPS ON TRANSFORMER 

Fig. 2. 


The early tests showed that when the transformers were adjus¬ 
ted to give a constant current through any desired range of load, 
that the lamps would draw different lengths on the arcs depend¬ 
ing on the number of lamps on the circuit. The voltage across 
the terminals of the individual lamps was approximately 10 volts 
higher at one-fourth load than at full ,load, although the current 
was the same in both cases. The results of a test of a 100-light 
transformer made to show this effect is shown in Fig. 2. It has 
been found, however, that by varying the adjustment of the trans¬ 
former, it is possible to ad just it so that the voltage across the ter¬ 
minals of the individual damps remains practically constant at var¬ 
ious loads. If so adjusted, however, the current from the trans¬ 
former is no longer constant but increases as the load increases. 
The adjustment that maintains a constant voltage across the termi- 
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nals of the individual lamps seems the preferable one in those cases 
•where the load of the transformer varies through a wide range. 
It is, however, of little practical importance in the operation of a 
street lighting circuit, as in that case the transformers are seldom 
■operated in actual practice at less than 90 per cent, of full load. 

Tests were made of the efBciency power factor and tempera¬ 
ture rise of the transformers. The input and output of 
the transformers were measured with Weston wattmeters, 
ammeters and voltmeters, and were calibrated before and after 
test with standard laboratory instruments. 

' The averages of the results obtained from two lOOdight trans¬ 
formers were as follows: 


Load. Efficiency. Power Factor. 

i Load.88.1 24% 

i “ .92.3 44 

f .94.9 62 

Pull .96.1 78 


The rise in temperature of the oil of the transformer meas- 
xired at the top of the iron core, where it was highest, was 39° 
C. after a twenty-four hour’s run. 

Under the usual conditions of street lighting, the dynamos are 
run under at least 90^ of full load and at this load the efficiency 
and power factor are very satisfactory. The power factor is 
about as high as that of the induction motor under the average 
load at which they are operated. 

The low power factor at fractional loads, and the difficulty 
:in maintaining the lamps at constant voltage when the current 
is constant at various loads, combine to make the constant cur¬ 
rent transformer undesirable except when the conditions are 
such that it is possible to operate the transformer under a large 
part of its rated full load. 

It has been found in practice, that the transformers can be 
maintained and operated successfully with very little attention. 
In Hartford five of the transformers are operated from two 
outlying sub-stations. There is no attendant at either of the 
stations. The inspector of the district cuts on and off the lights 
at the proper time and visits the sub-stations once during the 
night. Each transformer is equipped with a recording Bristol 
.ammeter so that a complete record is made of the time of cutting 
on and off the circuits and of the time the inspector makes his 
nightly inspection, and of the working and adjustment of the 
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transformer, A record selected as being a fair representation of 
the daily records is given in Fig. 3. The primaries of the trans¬ 
formers are connected across the 2400-volt alternating current 
feeders. Although the voltage at the terminals of the primary 
of the transformer is subject to a variation of hfo during the 
street lighting hours, the current supplied to the series lighting 
circuits is practically constant. The transformer whose opera¬ 
tion is recorded in Fig. 3, takes its current from, the alternating- 



current lighting system about one mile from the central station. 
The current in the secondary is not affected by variations in the 
pressure at which current is supplied to the primary of the trans¬ 
former. 

The Seeies ALTERiTATiNa Abo Lamp. 

The lamps ope^’ated from the constant-current transformer are 
of the carbon feed enclosed type. The alternating current used 
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has a frequency of 60. cycles. The operation of the lamp is on 
the differential principle. 

The lamps at the outset gave a good deal of trouble. A con¬ 
siderable percentage of the lamps failed to start. This trouble 
was soon found to be due to the burning out of the sliding con¬ 
tact by which electric connection is made with the upper carbon. 
A positive contact is now made by means of a very flexible wire 
made of fine strands. Since this change the operation of the 
lamps has been in all respects satisfactory. The records show 
that the lamps reported out and not starting, are considerably 
less than they were when the street lighting was by direct-cur¬ 
rent series open-air arc lamps. 

Unfortunately I have been unable up to the present to make 
any photometer tests of the candle power of the series alternat¬ 
ing arc lamps. The lamps used in Hartford consume at the 
transformer 400 watts per lamp, and replaced nominal 1200 can¬ 
dle power open-air direct-current arcs. The streets are un¬ 
doubtedly better lighted with series enclosed arc lamps than they 
were formerly with the open-air arcs. The better diffusion of 
the light from the enclosed arc lamp, the steadiness of the light 
and its freedom from flickering, have much to do with the im¬ 
provement in lighting and with the general satisfaction it un¬ 
doubtedly gives. Trom the results obtained at Hartford I am 
confident the streets can be better lighted with 400-watt series 
alternating lights, than with an equal number of nominal 1200 
open-air direct-current arcs. If 2000 candle-power direct-current 
arcs were replaced by enclosed series alternating it would, in all 
probability, be necessary to increase the number of lamps in order 
to obtain equally good lighting. 

Before the changes in the street lighting system the lamps 
were operated from Excelsior, Thomson-Houston and Brush 
series dynamos, belted from the line shaft. This was driven by 
a direct-connected synchronous motor. The power furnished the 
synchronous motor was 550 watts for each open-air arc lamp 
consuming 315 watts at the lamp. The power required under 
the local Hartford conditions for operating street lights has 
therefore been reduced by the change in the ratio of 550 to 400,, 
or a little over 27%. 

Owing to the fact that the transformers are operated from out¬ 
lying sub stations the wiring system has been very much simpli¬ 
fied, and the cost of carrying current across the underground dis- 
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trict considerably reduced. The maintenance of tbe transform¬ 
ers and the labor in looking after their operation is an almost 
negligible item. A very considerable saving is made over the 
maintenance and operation of the series direct-current dynamo. 
From experience extending now over a year it has become evi¬ 
dent that the saving in operating expenses will pay for the en¬ 
tire cost of the change in system within the first two years. At 
the expiration of this time there will be a very considerable an¬ 
nual saving, and at the same time tbe service rendered the city is 
very much better than it was under the old system. 

The system of street lighting which will be found best for any 
given city depends largely u^jon fhe local conditions, but there 
n,re undoubtedly many eases where an investigation will show 
that the adoption of the constant-current transformer and the 
series alternating current arc lamp offers the greatest advan¬ 
tages. 
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Discussion. 

The President : — We have had a good deal of experience np^ 
to the present time with constant potential transformers, but the 
constant current transformer is an apparatus with which we are 
less familiar, and an opportunity to study its behavior has been 
ajfforded us in the paper whicli Professor Eobb has just read. 
There is also a good opportunity to examine the apparatus and I 
am sure that Prof. Eobb will only be too pleased to help us arrive 
at its relative merits and demerits. 

Mr. Charles P. Steinmetz:— An interesting feature mentioned 
in Prof. EoblVs paper is the change of wave shape with the load. 
This illustrates the futility of specifying sine waves in alternating 
generators as occasionally done. Jt shows that the receiving ap¬ 
paratus is instrumental also in determining and changing the 
wave shape. This is especially the case witli arc lamps. 

As known, the alternating arc can not be represented by a 
constant effective resistance, but has an effective resistance varying 
periodically with the current strength, with double frequency.. 
The apparent resistance of the arc is very high at small currents, 
low at large currents, and varies almost inversely proportional to 
the current strength. In consequence thereof, if the current 
passing through an arc lamp is a sine wave, the potential differ¬ 
ence can not be a sine wave, but is less near large values of cur¬ 
rent, and greater near small values of current, that is becomes- 
double-peaked, and if a sine wave of potential difference is im¬ 
pressed upon the arc, the current can not be a sine wave but is 
less near small, greater near large values of potential difference, 
that is becomes single-peaked. 

Let us see now what takes place in a constant current transfor¬ 
mer. At full load with primary and secondary coils close to¬ 
gether, the internal self-induction is relatively small, and the 
secondary e. m. f. wave is nearly the same as the primary, that is. 
assuming a sine wave of impressed e. m. f. the secondary poten¬ 
tial difference is sinusoidal thus the secondary current single- 
peaked. At light load, however, the primary and secondary coils 
are widely separated, and the internal self-indnction of the trans¬ 
former very high. Thus by the effect of self-induction in sup¬ 
pressing the higher harmonics, the secondary current is main¬ 
tained closely resembling sine shape, and in this case the secon¬ 
dary potential difference becomes double-peaked. Thus from no 
load to full load the shape of e. m. f. and current waves in the 
arc light circuit changes, but in no case can current and e, m. f, 
have the same shape, for instance both be sine waves. 

8ince the instruments read effective values, the regulating 
mechanism of the lamp, however, especially the shunt coil mag¬ 
net, depends to a certain extent on the mean value of potential 
difference; with the change of form factor under load, the lamp 
regulation may slightly change. 
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If nobody takes tke floor I should like to add a few remarks 
on the rectifier which has never realized. - This rectifier was a 60- 
cycle single-phase apparatus and operated extremely satisfactorily 
carrying 50 to 60 lamps with absolute steadiness, from a motor- 
■ driven alternator, until 1 put it on the circuit of an alternator 
driven by a single cylinder engine with rather poor uniformity of 
the rate of rotation, realizing that such condition would have to 
he met in single-phase high-frequency work. The result was that 
the rectifier never left the factory. 

ISince that time the conditions of application of such rectifiers 
have changed, and some are now in satisfactory commercial ope¬ 
ration, one for instance in Brooklyn. In this the 25-cycle three- 
phase rectifier is supplied with power from large direct-connected 
alternators driving synchronous machines, that is of a very close 
speed regulation. Under these conditions the operation is per¬ 
fectly satisfactory. 

So you see we have two solutions of the problem of arc light¬ 
ing from alternating circuits. Direct lighting by constant pur- 
rent transformers, and alternating lamps for circuits of 40 cycles 
and over, single-phase or polyphase, and lighting by rectifier and 
continuous current lamps for low-frequency polyphase circuits of 
25 to 40 cycles. 

Direct arc lighting at 25 cycles is not feasible, 40 cycles being 
about the limit, and rectification is undesirable on 60-cycle single¬ 
phase circuits, due to the pulsating nature of the rectified cur¬ 
rent. 

If you put a continuous and an alternating ammeter and a con¬ 
tinuous and an alternating voltmeter in such a rectified single¬ 
phase circuit and vary the load from short circuit to full load : 
at one extreme the ammeters fairly agree and the voltmeters dis¬ 
agree widely, then the disagreement of voltmeters becomes less 
and that of the ammeters more, and ultimately at the other ex¬ 
treme of load the voltmeters fairly agree and the ammeters dis¬ 
agree. But at any load the product of volts and amperes exceeds 
the watts by as much as 10 to 20%. The eflSciency of the recti¬ 
fying apparatus if calculated by volt-ampere output comes out 
too high by the same percentage. 

Mr. J. "H. Hallberg-: —After considering Mr. Steinmetz’s 
statement it seems as if in time we shall be able to take the al¬ 
ternating current by means of the rectifier, and succeed in getting 
a commercially successful direct current series arc lighting sys¬ 
tem operated by the large alternating generators, and irf that way 
gain all the advantages which we gain by the series enclosed al¬ 
ternating system. 

By what Mr. Steinmetz says it seems as if it would be possible 
to produce a successful rectifier, and if it is, there certainly is in 
my estimation more chance for the commercial success of the di¬ 
rect current series enclosed are-lamp, at the present time than for 
the series alternating current lamp. 
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We Lave produced direct current enclosed series arc lamps 
with an efficiency of 97.3 per cent. Q'hat is a remarkably high 
efficiency. It is produced by a shunt lamp and it will regulate 
within six to eight volts, from cold to normal temperature,wh ch 
is probably 2J0° F. Of course, I have followed with great in¬ 
terest the series alternating system, but 1 have never as yet had 
a chance to practice in it very much on a large scale ; but, from 
what I can learn, nothing but the differential lamp has been ap¬ 
plied as yet commercially to this system. Why should it not be 
well to experiment a little more with the shunt system and put 
it practically on the market? It seems to me that as the lag 
current is* a great objection we could materially decrease the 
same by using a shunt lamp. 

My trouble with a. o. enclosed shunt lamps has been in starting 
the circuit. The moment we throw the full current on the cir- 
•cuit of shunt lamps, if we do not use a dash-pot, we rupture the 
circuit instantly, for the reason that all tlie arcs are struck in¬ 
stantaneously, and it strains thegenerator and the transformer. I 
experimented with a small dash-pot in connection with the shunt 
lamp and succeeded in starting slowly, but by using it I sacri¬ 
ficed somewhat the regulation of the lamp on account of the 
sluggishness of the dash-pot. In the designing of arc lamps I 
have always tried to follow the method of doing away with the 
dash-pot, for the simple reason that the dash-pot is one of the 
most troublesome, as well as vital, parts of an arc. lamp. I have 
succeeded in producing an enclosed arc lamp of the shunt type 
for constant current, i. c. series circuits which seems to be prac¬ 
tical, without a dash-pot. Now, would there not be some advan¬ 
tage in applying this type of lamp to a system? Not being 
thoroughly familiar with the constant current transformer I shall 
not enter upon that subject at all, but simply from the arc lamp 
standpoint it seems if we could reduce the lag current and raise 
the power factor, we would be able to do much better than at 
present. 

I have never made a test on a General Electric a. o. series 
lamp, but I presume they must have considerable lag cuiTent in 
the series coils. If we could do away with the w^attless current 
in the lamps, and if the transformer would still continue to regu¬ 
late as well as it does now with the assistance of the series lamp 
coils, wouldn’t it be a better system ? 

Me. Eichaed Flemino: —1 would like to reply to the gentle¬ 
man’s reference to the power factor of the different lamps. The 
power factor of the differential lamp as seen by the curve 
of the transformer at full load, is very nearly 80 per cent. The 
power factor of the feed lamp at 60 cyles is 92 per cent. The 
efficiency of that lamp—I cannot give you the exact percentage, 
but a lamp consuming 425 to 450 watts at the terminals consum¬ 
ed 10 to 20 watts in the shunt magnet and about 2 or 3 watts in 
the small cut-out magnet. So you can see that it has a pretty 
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Mffb percentage efficiency.. The variation which takes place due 
to the wave form, which I believe to be the cause of it? is 
gether overcome by the use of the shunt feed lamp. The 
can be changed down to short-circuit on the transformer and the 
lamp, even though the current may increase, say three-quarters 
of an ampere to an ampere, due to the fact that no regulation is 
provided down below quarter load, no change whatever takes 
place in the lamp—no change which can be measured on an 
ordinary alternating voltmeter. That ^ is, to say the least 
sufficiently close. Regarding the operation of the shunt f®®d 
lamp the variations of the volts at the are can be maintained 
within three volts on a lamp ordinarily adjusted for^ about p 
volts to the arc. Some lamps, perhaps, will increase uist at the 
feeding point or at the tripping point of the clutch. This partic¬ 
ular lamp that 1 have in mind is so designed that just before the 
trippino* point it reduces the arc voltage about two volts, and 
when the clutch gets on the tripping point at the moment^ of re¬ 
lease the voltage at the arc has reached about normal, that 
judging from these figures, the operation of the lamp should be 
satisfactory. Regarding the starting of shunt lamps, there is 
absolutely no difficulty. There are a great many thousand shunt 
lamps, direct current, in operation, and 1 do not think that they 
have ever been known to cause any great difficulty in starting, 
and I will make the broad statement that the alternating lamp 
with the constant current transformer will start equally well. 
Dash-pots, of course, we use. They are one of the necessary 
evils of the are lamp business. 1 suppose you are aware of that. 
So am I. But I will say this, that I think the trouble with 
dash-pots has been overcome by close attention to details and 
care in their manufacture. I will say that a great many thou¬ 
sands of these dash-pots are out at the present time, and the partic¬ 
ular style I have in mind are operating most perfectly ; in fact, 
I have yet to hear of more than one or two out of _ several 
thousands that have given trouble, and that not of a serious na¬ 
ture. So that the dash-pot question is hardly to be con¬ 
sidered. The starting of the transformer was also men¬ 
tioned as being a disadvantage. But that is a very easy matter. 
It is easier if anything to start into operation than an or- 
diuary series arc djuiamo. Tou can start it on the ground, 
having it in a station or a sub-station, or you can start it at a dis- 
tance A device has been designed for the latter purpose that 
does it most effectively. Any further questions I should be glad 

to answer , r r,, - , ^ x 4 . 

Mk. Hallbeeg; —I can bear out Mr. Fleming’s statements 
fully. My experience has been practically the same. The only 
particular in which we differ i's in reference to the dash-pots. 
Of course, I realize that since the introduction of graphite and a 
few other such materials the difficulty may have been overcome to a 
certain extent. I did not mean that it is the actual effect of the 
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^ ^ interferes with the regulation of the lamp. It is 
fhf dash-pot, which is sluggish, and will 

cause Jie mechanism to hang up and work sluggish, that is— 

cause tour or five volts’ variation at the arc. ^ 

f ^ alternating shunt 

lamps. They operated in senes on about 1100 or 120u volts. 
In place of a transformer I used a regulator, and this regulator 
was cpnstructed on the rheostat princdple with small imp'edanci 
coils across the segments, and the main solenoid connected irt 
series with the circuit which automaticallv cut in or out these 
impedance coils This system worked beautifully and with a 
very smal wattless current. The effieiencv tested out very 
1 ® '-eolation was perfect. The shunt lamp was. 

used in this experiment. The only difficulty experienced was in 

Bv^uJlf 'amps were not provided with dash-pots., 

mft ^ .device the lamps were started with- 

TdiffemS^J^^ breaking the circuit. Of course, we realize im 
a diffeiential lamp the carbons are together when the lamp is at 
rest and the moment you put on the current thev lift gradually 
In the shunt lamp the carbons are apart when''the lamp is at 

?rfSte ri struck by means of either a spring or 

gravity. If Jio dash-pot is used, the carbons separate very 


quickly, and if a large number of lamps are in series, it migtit 
cause the circuit to break and the lamps would coiseouSy 
chatter before _s arting. Would it be possible to start a seriL S 
^ ^ Mv ' without dash-pots on a constant current transformer ? 
r ^ ; ^uEMixG : -I do not think it is advisable. It is possible 
In tact I have operated a circuit of lamps without a d^ash-pot' 
ment Tin *bis that I believe the dash-pot is an improve- 

tn die PO'ut .you raise of starting, however, it is possible 

SS fen ^dhout excessive chattering. We have operated^lamps, 
as you say across the terminals of an alternator by the use of a 
reactive coil an apparatus exactly like a constant current trans- 
forrnei in which the wils are connected in series, which gives 
practically the same effect you mention. The effect woufd be 

with Tjw t have not done anything 

with that to speak of tor the simple reason that it has severS 
disadvantages as against the constant current transformer. With 
the use of the constant current transfornier it is possible to sepa 
rate your arc circuits entirely from your primary mains having 
0 connection electrically with your distribution system, and that 
withou^he use of an auxiliary static transformer. 

Mr, Hallberg :—Of course I realize to the full extent tliA 
Bcientihc piece of work we have on the platform, and I admire it 
It IS a beautifully workmg piece of apparatus, and I think it 
thoroughly practical. My only suggestion was the use of a shunt 
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Of course, in araruing these points we have a good many things 

to take into consideration. 1 am simply looking at it from the 

arc lamp standpoint, I have nothing to do with the transformer, 
and know nothing practically about it. I have tried to get hold 
of data and information in the last few years, but it has been 
rather scarce, and we had to do the best we could with what we 
had and I think from what Mr. Fleming now states, it will not 
be impossible to see a nice shunt system in op^ation 
Me. 6 . O. Mailloux :—1 would like to ask Prof- 
ever had any open circuits, and what happened then. We know 
that open circuits occur with direct current series arc 
would like to know what happens when he has them with this 
transformer. Its e. m. f. will of course tend to rise greatly, and 


some precautions are doubtless necessary. 

I was impressed with the uniformity of the current as shown 
by the Bristol chart records. I have had made many records of 
the same kind with Bristol recorders on direct current arc cir¬ 
cuits, and I think you will alt agree with me that they do not 
compare in uniformity and steadiness with those that are shown 
this evening. The direct current arc machine usually has a 
slight fluctuation. The current will rise a tenth or two above 
the normal ampere valnOj and it will fall a few tenths below, and 
sometimes it does that so fast and so often that the resulting line 
is a broadened mark which occupies a space corresponding to 
three or four tenths or even half an ampere. In _this_ case you 
will see on the chart that the line is not greater in width than 
■one-tenth of an ampere. In fact it is scarcely wider, it at all, 
than the width of the pen mark, showing that the current _ is 
maintained at practically a uniform and steady value. It varies 
at certain points, but the variation is slow. 1 he charts show 
notches where the current value is raised as a whole or mwered 
as a whole. That may be due to lamps being cut out. Perhaps 
Prof. Eobb can explain these notches in the curve. 

Peof. Kobe:— When the circuit opens, either one or two 
things happens. If it is simply an open circuit for example on 
the hanger-board, you can spring a cut-out across it, and the cir¬ 
cuit will run through till next morning. Of course, if we have 
aline wire broken, the coils of the transformer immediately go to¬ 
gether and you have the full voltage of the transformer in the cir¬ 
cuit. In practice, we never have had any difficulty from that which 
amounted to anything. We never had any serious injury to any 
number of lamps arise from it. As regards those notches that 
occur in the curves quite frequently at times, I have noticed a 
slight change in the position due to the variation in frequency. 
I do not think, however, that is really due to a variation m- the 
current, so much as to a variation in the recording devic^ As 
you all know, Bristol recording meters are very much affected 
by the frequency, and you will nearly always notice that when 
the ammeter is thrown 'in or out of circuit it comes back slightly 
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diffeient on tlie Bristol ammeter. I think they are largely in¬ 
accuracies in the recording device—hysteresis of the recordiiie- 
device. ^ 

There is one point in connection with the operation of trans- 
tormers where we expect to meet with difficulty in connection 
with the opeption from sub stations. Of course, it will hapnen 
if your circuits go out. In fact we have had 

dimculty which has annoyed us a good deal in the past. Our 
circuits are rather freely equipped with lightning arresters. 
Un the alternating system we run large units with separate 
lightning arresters at each transformer, and we find, now that 
we have probably back of the system about 4,000 horse power 
that after a severe stroke of lightning, if there is a rush of 
current _ it blows the fuses on the circuits. It has hap¬ 

pened in those cases at times when fuses have gone 
on the particular circuits on which the sub station was But 
we simply throw the switch in the station and let it go • it 
goes all right,_ operatiiig_ perfectly satisfactory under thosb con¬ 
ditions. ^ 1 think there is one point that Mr. Fleming broufylit 
out which is a very important one, and that is, that in the 
operation of street circuits, the fact that any system to give 
satisfactory operation must have the street lighting circuits 
separate from the alternating current distribution. lihat is if 
you use any other regulating device you must have a static 
transformer between the two systems, owing to the fact that in 
the operation of series circuits they are sure to be more or less 
grounded. It may interest Mr. Steinmetz to know that I made 
a test of the transformer, giving the results of regulation, not 
tile paiticular curve that I showed this evening, but I got 
another which was practically the same, and also measured the 
wawe-form of the electrornotive force given by the generators 
and it was almost a perfect sine carve, simply .one harmonic 
present to a very small percentage, and the result is very much 
the same. 

Mr. Steinmetz is much more encouraging about rectifiers 
this evening than he was two years ago. Two years ago the 
rectifiers worked beautifully. The only trouble was, I was in¬ 
vited to see the operation of a rectifier, and I waited fifteen 
minutes to see it start. The rectifier worked beautifully. I 
tried to bring out that what is good practice in one locality is not 
good p^ctice in another. There are a great many circumstances 
m which it is not advisable to use as low a frequency as 25 cycles 
Furthermore a system which will pay for the total installation ih 
two years can be very readily changed when we get to recti¬ 
fiers. If we get the rectifier and find it does not work satis¬ 
factorily we can change it. It does not pay to stick to motor- 
driven direct-current machines with the possibility that in two or 
three years we may be able to get rectifiers, when we can put 
something in the place of them that will pay for itself in the 
course of eighteen months or two years. 
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Me. Stbinmetz ;—I do not want to be misunderstood.^ I wan¬ 
ted to’brin^ out that both types of apparatus have their proper 
field of application, the rectifier for 25-cycle power distributions 
where the constant current transformer is not feasible, because it 
gives too low a frequency for arc lighting, while in ' a 60-cycle 
fystem by the use of a constant current transformer we can dis¬ 
pose of the rectifier. The rectifier finds the proper field in the 
25-cycle system. 

Peof. Kobe:— I think we agree perfectly. , , ^ 

Me. Stbinmetz :—We have heard a good deal about reetifaers 
abroad, and liow beautifully they are ^ operated, and have heard 
reports of tests of very high efficiencies. For that reason 1 re¬ 
ferred to the power factor of the rectified circuit, since I suspect 
that some unusually high efficiency claims are due to measuring 
the volts and amperes, multiplying them with each other and 
calling that the output. 

Mr. Fleming- :—regard to the question of operating arc 
lamps on 25 cycles, I will say 1 have made an enclosed arc lamp, 
and operated it to a certain degree of satisfaction on 25 cycles,, 
and I believe that it is not at all impossible^ to operate these 
lamps at that frequency, especially for street lighting. It is not 
a pleasant light to look at. But we do not Ipok at the sun ordi- 
narilv as we pass along the street. We do not look at the arc 
lamps either. At a distance of 50 to 100 feet the light is not 
had. It flickers : you can see that disagreeable trembling of the 
arc but for street lighting I believe it can be made a commercial 
success, where it is not necessary to have the great^ refinements 
of smooth, even lighting. Take it all in all, I believe that if I 
were operating the station I should prefer the 25-cycle arc out¬ 
side, to a rectifier inside. At 40 cycles the alternating arc is 
perfectly satisfactory for street lighting, and anywhere from that 
to 140 which is about the limit of commercial frequency. 

The question was asked, ^‘what happens^ when the circuit 
opens on a constant current transformer?’’ The total secondary 
electromotive force is applied to the break. Eecently I have de¬ 
vised a little cut-out that when such an accident occurs,^ will 
immediately open the circuit at the station, and short-circuit the 
secondary of the transformer. Tbis can be made to give an 
alarm. If the transformer is in the station it will generally give 
its own alarm to a certain extent. It will move and can be seen 
by the attendant, but as a matter of fact constant current trans¬ 
formers are generally installed in a basement or similarly out of 
sight. But it is a simple matter to rig an alarm that will indi¬ 
cate an open circuit on the line. 

A gentleman mentioned the fact that if rectifiers were possible 
it would be very advantageous to use n. o. lamps as against a. o. 
lamps. There is a good deal to be said on both sides of the ques¬ 
tion. In my mind there is no advantage in using the n. p, as the 
A. 0. is equally effective if not more so, especially for street 
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lighting, as with two lamps, assuming an equal amount of energy, 
the arc alternating lamp would be more satisfactory for street 
lighting and equally satisfactory for inside lighting. I think I 
can illustrate what I mean by a diagram. [See Fig. 4.) 

^ If an arc lamp is suspended 25 ft. from the ground the rela- 
tiye distribution of light will be about as shown. Curves a and 
a' represent approximately the curves of distribution of an alter¬ 
nating lamp, enclosed type ; b and b' show the distribution of 
light from a d. c. enclosed lamp while c and c' give the charac¬ 
teristic curve of an ordinary open arc n. c. lamp. The curves of 
the enclosed lamp in both cases represent lamps equipped with 
reflectors as used for street lighting. It will be noticed that the 
open ^rc lamp has a much higher maximum at an angle of 45® 



helow the horizontal, and by referring to curve c (which is plot¬ 
ted according to the law that the amount of light is inversely as 
the square of the distance), it will be seen that this angle repre¬ 
sents the distance from lamp of about 25 ft. At this point the 
illumination is much better from the n. o. lamp, open arc type, 
than from either of the others. At this angle the d, o. enclosed 
lamp comes second, while the alternating lamp is less than either. 

At an angle of about from 25 to 80° below horizontal, the 
three lamps give illumination very nearly equal. This represents 
the distance froift the •lamp of about 50 ft. Beyond this point 
the light from the open arc lamp falls off very quickly. The n. 
o, enclosed lamp much less so, while the alrernating lamp gives 
more light than either. By referring to the curves it will be 
6 een that at an angle of 10*^ below horizontal the alternating lamp 
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gives nearly twice as mucli light as the d. c open, while the d. 
0 . enclosed is intermediate between the two, and approaching the 
alternating in Inminosity though not quite reaching it. An angle 
of 10° below the horizontal represents a distance of very nearly 
150 ft. from the lamp, at an elevation of about 25 ft. from the 

ground. , ,, , 

It should be uoted here that the open arc lamps should be sus- 
pended as high as possible while the enclosed arc lamps should be 
hung as low as permissible. The usual practice in this respect ia 
20 ft. from the ground. ... . , j, 

On account of characteristic distribution of light from the al¬ 
ternating lamp it is almost ideal for street lighting and especially 
where the distance between the lamps is considerable. Where 
lamps are installed more than 100 teet apart the general effect 
from an alternating lamp for the same amount of energy con¬ 
sumed at the arc will be superior to any other. 

To test the above in actual operation, an installation has been 
put up to determine the relative merits of the different lamps 
by making a comparison side by side. In the installation referred 
to, a number of the different kinds of lamps have been hung in a 
large open field at a measured distance apart and in such a way 
that comparative estimates could be made of the amount of light 
given by each lamp under actual commercial conditions. 

Asa result of these tests, a great many who were skeptical as 
to the merits of the alternating lamps have become convinced 
that the alternatiijg enclosed lamp is equal if not superior to its 
older competitors in every way. The most important thing about 
this lamp is that the light is thrown exactly where it is wanted. 
The I). 0 . enclosed lamp approaches it quite closely in this res¬ 
pect but it is in no way superior. Either lamp is far superior tO' 
the old style open arc lamp. 

I recently saw a photograph made in fSt. Louis to determine 
the relative amount of light given out by a 9.6 ampere o o. open 
arc lamp as against a 7^ ampere alternating enclosed lamp. Both 
lamps were adjusted to consume approximately the same num¬ 
ber of watts at the arc. 

A sign was made up especially for the occasion with white 
letters of varying height on a dark background. The sign was 
placed about’loO ft. from the lamp and a photograph made by 
means of the light from each lamp. On the photograph from 
then. 0 . lamp the foreground was brilliantly lighted, while half 
way between the camera and the sign, the light stopped short. 
Beyond this point it could be very plainly seen that there was 
comparative darkness, it being barely possible to make out the 
outline of the sign and lettefs, and the surrounding buildings and 
other objects were represented by mere shadows. 

With the alternating lamp it was quite different, not only was 
the sign well lighted, but the buildings were lighted up quite 
well, and a number of advertising signs could be clearly made 
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out. The foreground was not nearly as brightly lighted as with 
the D. a lamp but the photograph shows an almost perfect dis¬ 
tribution of the light to a considerable distance from the lamp. 
The exposure in each case was identical and the development 
purposely made the isame, and everything possible was done to 
make the conditions equal. The exposure was about 2u minutes 
with the diaphragm of the lens set at F-lb. 

He. Hat^lbero :—When I made a remark in regard to the 
advantage of the direct current lamp over the alternating, I had 
reference to the enclosed direct current lamp. But, of course, 
now that Mr. Fleming has stated that the test was made on open 
arcs, I realize with the short arc it would not compare favorably 
at a distance with the alternating long enclosed arc. But if we 
take a direct current arc at 70 volts enclosed, at 6^ or 7 amperes 
and another of thesame amperage and voltage at arc, on alternating 
current, we have two different cases,—one represents an arc ap¬ 
proximately five-sixteenths of an inch in the direct current en¬ 
closed lamp. On the alternating current enclosed lamp we have 
an arc that is seven-sixteenths of an inch long. That bears out 
Mr. Fleming’s idea of the distribution of the light. Where do we 
get it? In the alternating current we get the light from the 
arc itself;—'we get very small craters on the alternating lamp, 
on account of interruptions on the circuit, depending upon the 
number of alternations, the light is practically extinguished as 
many times a minute as the alternations change. On the direct 
current enclosed lamp on the other hand, we have also got a long 
arc. The arc is much whiter than that of the alternating lamp, 
and in addition we have a crater on the upper carbon. I have 
not had a chance to investigate these tests which Mr. Flem¬ 
ing speaks of, and scientiticaliy I have never had a chance to 
trace the curves or make a photometric test of them. But practi¬ 
cally, I think that the direct current enclosed lamp will still hold 
its ground over the enclosed alternating, as far as illuminating 
power per watt is concerned. 

Another little matter that figures very much in favor of the 
direct current lamp for the central station is, that the life of the 
direct current lamp is probably 126 to 150 hours, and the deposit 
on the inner globe at the end of that number of hours is no more 
than it is on the alternating lamp, which will only give a life pf 
75 hours. The carbons for the alternating lamp cost, if any¬ 
thing, more than they do for the direct current lamp. When 
we sum the two together, I still believe that the direct current 
enclosed arc lamp to-day holds the ground over the enclosed 
alternating lamp, providing the arc takes the same voltage and 
the same amperage, and if I should suggest a successful street 
lighting with alternating current, I should try to employ 7 to 7^ 
amperes. 

Me. FcEMiita :—Regarding the amount of light of the alter¬ 
nating and direct current enclosed lamps I have tried to show 
there, I did not bring ont the merits of the direct current en- 
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closed lamp as fully as I might. The total difference in light 
between the d. c. and the alternating enclosed lan^p is roughly 
about 10 or 15 per cent—I say roughly, advisedly, because we can 
only measure it roughly—it-is about io or 15 per cent, in favor of 
the D. c. lamp. One thing that operates to the disadvantage of 
the D. c. lamp is the length of the arc. A d. c. lamp operating 
at 70 volts has a comparatively short arc, so short that the shadow 
thrown by the lower carbon is very pronounced. This can be 
shown by the band of light on the inner globe. There is a band 
around the enclosing globe at an angle below the arc, whereas 
with the alternating arc the distance apart of the ends of the car¬ 
bon is quite great. In that way the light has a good opportunity 
to get out, and tiie shadows are not nearly so pronounced. The 
shadows of the carbons in the alternating lamp are not more than 
the necessary shadows thrown by the frame, and by the parts of 
the lamp itself. That 10 or 15 per cent, in favor of the n. c. lamp 
is more than made up by the curve of distribution of the light 
from the alternating lamp. That is, the maximum light is ac¬ 
tually where it is needed at a distance, and not directly under the 
lamp. The alternating lamp is almost ideal in that respect, and 
has a great advantage over the d. c. lamp. 

Another point of the alternating lamp—we all know that the 
negative carbon on the n. c. lamp is not consumed rapidly, and 
the arc remains ])ractically in the same place. On that account 
the deposit on the globe is all located on the upper part of the 
globe, and after a while the drop in candle power is very pro¬ 
nounced. On the other hand with the alternating lamp the arc 
travels down I do not exactly remember the relative propor¬ 
tion several times as great—it is continually moving down into 
the cleaner portion of the globe. That is a fact that I have 
proved by actual photometric tests, and is very much in favor of 
the alternating lamp. It leaves the deposit on the top of the 
globe, and is continually moving down so that the light gets out 
under this deposit. That was suggested quite a while ago. I 
made tests to prove it, and I have on record a photometric test 
showing where an alternating lamp at an angle of about 45 de¬ 
grees, i think it was, gave actually more candle power at the end 
of an 80-hour run than it did with a clean globe. That is putting 
it rather strong, but such is the fact. That is on record. That 
was due to the fact that the white, fleecy deposit which is so 
characteristic of the alternating arc, due I think, to the core, acted 
us a reflector and threw the light down, which was what we 
wanted, and the curve from that lamp at the end of the run was 
something like that of the n. c. lamp showing that the light up¬ 
wards was cut off to a marked extent, while the light downward 
■was increased, o'wing to the reflection from the inside of the o-lobe 
and I think it_ is perfectly reasonable. Eegardin^ the cost of 
carbon, there is very little difference between the two. The cost 
of trimming is about the same. 
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Tlie current at tlie arc is a question which central station men 
will have to govern. It will have to be governed by local con¬ 
ditions, though I will say that a 6.6 ampere alternating lamp will 
hold its own against the nominal 1200-candle open air arc, and 
that the 7i ampere lamp will more than hold its own against the 
nominal 2000-candle arc, or against the 6.6 or 7-ampere direct- 
current enclosed lamp. 

Mr. Hallberg :~As regards the shadows of the enclosed 
direct current lamp: I think that this has been pretty well over¬ 
come by the means of suitable reflectors. We have had some 
very severe tests on this point, and found that absolutely no 
shadow would be shown under any of the lamps provided they 
were all equipped with the proper reflectors. As regards the 
weakness of the shadow^ with the enclosed a. c. lamp, it is caused 
by the weakness of the alternating arcs as compared with the 
direct arcs. The absence of a crater in the alternating arc is 
what accounts for the fainter shadows with the alternating than 
with the direct enclosed lamp. When we come to the matter of de¬ 
posit on the inner globe, my experience has been that on the 
direct current tlie deposit travels up. On alternating current it 
fills the entire globe more evenly. If we take two globes, one 
direct and one alternating, at the end of their runs you will find 
that the direct current globe has got a very marke*d dark circle 
.around the top, whereas the a. c. globe will have a much more 
even coating on the inside. , 

As regards the travelling down of the arc; of course, the 
alternating arc travels much more rapidly, because the carbons 
are consumed 50^ quicker. 

In regard to Mr. Fleming's statement that he obtained more 
candle-power out of an a. c. enclosed lamp, after 70 hours’ 
burning than he did on the start of the run, I cannot argue this 
point as I was not present at the test, but it must be remembered 
that he admitted that the deposit followed with the arc, slightly 
behind it, consequently at the end of the run this deposit pre¬ 
vented a large percentage of the light, which should have been 
thrown up against the reflector, from being utilized. It should 
also be remembered that the upward rays of the a. c. lamp were 
put down as being strongly in favor of the a. c. lamp. Accord¬ 
ing to this, after the a. c. lamp had operated a short time, we 
would sacrifice this good point. 

The B. c. lamp gives double the life and needs less attention. 
I think that it is of more importance to a station to have a lamp 
that runs 125 to 150 hours than to have one that will imn only 
70 hours. It means 50% less labor in trimming. 

For conclusion, I beg to say that it has been generally admit¬ 
ted that the b. c. arc is more powerful and more suitable for il¬ 
lumination than the a. c. arc, and until some new feature is 
brought out in favor of the a. o. system, it will be hard to con¬ 
vince the central station manager of its superiority, especially if 
we cau produce a successful rectifier for the d. c. arc-lamp. 



55t BOBB ON CONSTANT CUBRMNT TBANSNOUMEHS, [S(‘pt. 27, 

Mk. Mailu)ux: —I would like to move a vote of tlianks to 
Prof. Kobb for tlie very interesting paper which he has given us. 
It is a new revelation in street lighting, and 1 think that he 
lias made out his case ])articularly well, wlicn, besides showing 
the material success of the lighting he has also demonstrated that 
the economic results indicate that the plant will pay for itself in 
two years or less. 

Ihe motion was carried, and the meeting adjournc'd. 



[COERESPONDENCE—SUBJECT TO REVISION.] 

COST OF AEG LIGHTING. 


BY H. H. WAIT. 


[A communication in discussion of a paper hy William Lispenard Robb, on 
Series Arc Lighting from Constant Current Transformers, read September 
1899. Mew York and Chicago,'] 

The tables in this paper, giving the comparative first cost and 
operating expenses of various arc lighting systems, were origin¬ 
ally compiled in a rough form some little time ago in order to 
determine whether it would pay to build a large direct current 
arc machine suitable for direct driving by moderate speed en¬ 
gines. The subject has received some little attention lately, and 
it was thought worth while to complete the tables and submit 
them to the Institute for discussion. 

In Prof. Eobb’s paper on the Hartford system of arc light¬ 
ing, a comparison is made between a modern alternating current 
system and an old direct current system. Several other such 
comparisons have been published recently. It is obviously un¬ 
fair to compare an antiquated direct current system with the 
latest type of alternating apparatus. In the tables an attempt 
has been made to compare the sj^stems given on an equitable 
basis. A little more attention has, perhaps, been given to point¬ 
ing out some of the failings of the alternating current systems,, 
principally on account of the fact that such systems are more or less 
of a fad at the present time and their failings not so well-known, 
whereas there are very few electricians interested in the subject 
who could not discourse for hours on the failings of older forms 
of direct current systems. In referring to the alternating cur¬ 
rent systems as fads, the intention is not to convey the opinion 
that the a. c. systems will not survive permanently, or that they 
are not considerably better than direct current systems for a 
great many cases. 

Prof. Eobb makes the statement that the changes in the Hart¬ 
ford plant will pay for themselves in about two years, and it 
would appear from the tables that in some cases the more mo¬ 
dern continuous current systems might replace older ones and pay 
for the changes instill less than two years. This question is so 
dependent on local conditions, however, that it is impossible to 
make any general statements. 
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WAIT ON (losr OF A no LiaiiTINO. 


11 Fa. a7, 


Tt is hoped tliaf,'the (.al)lc!.s an'in .siudi form that an (iiio-ineer 
can pick out several systenia to compare for any i,nven plant and 
avoid the labor of going through the entire suhji'ct 


ALTERNATING CONSTANT CURRENT TRANCEORMER 

-too WATT E:nCLCK3L'0 arc 


Total Coot plr Lamp* 
RCAL CCiTATC OO 

BUILDINGS 5 00 

BOILERS. ETC 
CNGtNLG 
A C GCNL.RATOf< 

A.C SW 13D 


10 C>0 
I''?- ‘JO 
Lb OO 
GO 


constant C. TftANC 15.00 


arc S Li. 

LINE 

LAMP 


total r*fn 

NOMINAL C r» x; ^ 


• iiO 
6‘V 70 
. 20,00 




Cost rcR Lamp pcr Yr.An or 
3©00 Hn'o, 

COAL A water ' 

WAocr, 

SUPT « omcc. 

INTTAXCa iNa 7?!;j 

ocpptrxiATioN orij " 

EXTRA Dr.F"* Act A/tL LAMf-j-jC 
KEPAIR- ,, RCNEWALL, ti 
SUPPLirC AT ♦c SO PER 1 H Py 

Extra nE.r*AiRSA.c,TRAN5*f‘ort«IK ,i S 

TRIMPIINO LAMPa 5.CO 

CARbONG I 

OLOOKS J^q 

total ope:RATiNc txrr.NSKs 

OPCR. t:xp rm nom c r )f.o*5 4 


M , A.S 
0,50 
2 0 0 

I‘3 00 
.ao 
l.ttG 


OFFICE, STORE ROOM, :>HOP. 

lamp room. ETC-. I 

real estate *^.60 fT.lt SO FT, So Pf.R | h pj 

buildings ♦iso ■ .< ‘i-yso IHP 

__total plant 5 GO t T Pf W I H r» 


OOlLLft* 1, t» 1 At, r,^ t'l.irTI 

conolnm HU, t*iriNi,, r 

"**05 PLKIM.P 




Jl 


Q 


-SS.5 

^510 

A”4*«; - 
A-rii)-*, 
-FOO- 


I Arp 
I » f") 


total POWER pfm I 

LAM r » SSS WAT T JK ft ‘ 

fVA-f t.M.P I 

I 

total powtft rt It I 

NOMINAL CP* .4»a07aaM M P 


J, 

XI 


t ON'"* 1 AMT I UnpCHI 
titAN*%rtui*'ii‘rt *>t\rf*r 
*P. Pf rt L AHr 


LINE fjr »S.n*/w 

^ ‘i-t /O Pf ft 1 AfJR 


rNLiosr.t) H.uiwAtr 
OPrrtft N iiAi 
4 f AMf, I Af'IP 

rt-i r r r 

pr w I .AtIP 


1^1(3. 1. 050 Nominal c. p. 

NoMlONaLATlJR-K. 

In tlio t}xl)l0fi the folh^winir lolitorw i mi n 
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A. C. 

B. O. 
D. D. 

C. C. 
C. P. 
C. p. 


Alternating Current 
Direct Current. 
Direct Driven. 
Constant Current. 
Constant Potential. 
Candle Power. 


ALTERNATING CONSTANT CURRENT TRANSFORMER 
450 WATT ENCLOSED ARC. 


Total Cost per Lamp. 


Real Estate.$ i-05 

Buildings . 6.16 

Boilers, etc. 20.50 

Engines.16 45 

A. C. Generators. 16.60 

A. C. SW BD.78 

Constant C. T'rans_ 15.00 

Arc SW. BD.20 

Line .57- 5*3 

Lamp. 20.00 


$155-24 

lotalpernom c.p.1349 


Cost per Lamp per Year 


OF 3800 HRS- 

Coal and Water.$ 13.10 

Wages. 9.35 

Supt, and Office. 2.00 

Int. taxes, ins. n€ ) ^ 

Depreciation 6^& 20.20 

Extra Dep. Act Arc Lamp 

4 per cent. ,80 

Repairs, renewals, and ) 
supplies at $2.50 per > 2,26 

1 . H.P. \ 

Extra repairs A.C. Trans. 

$ .20 per I, HP.18 

Trimming lamps. 5.86 

Carbons. 2.30 

Globes . X 80 


Total operating expenses.$57 85 
Open Exp. per norn. C.P.. .0503 


OFFICE, STORE ROOM, SHOP- 
LAMP ROOM ETC. 

REAL ESTATE $.50 PER SQ. FT. $2. 50 PER I. H.P. 
BUILDINGS $1.50 “ “ “ $7.50 “ “ 

TOTAL PLANT 5 SQ. FT. PER 1. H. P. 


BOILERS, STACK, PUMPS, 
CONDENSERS, PIPING, ETC. 
$25 PER I. H.P. 




5 



uT X 

u! X 



Vs 






0 


TRUE 
WATTS 

613 

APP. 
WATTS 
518 <-'^•>665 <~ 


492 K-- 
472 — 

450 — 


•>■ S.-IO PSR K W. 


CONSTANT CURRENT 
TRANSFORMER 95$^ EFF. 
$15. PER LAMP 


LINE EFF.96J6 
$57.50 PER LAMP 


TOTAL POWER PER LAMP 
613 WATTS=.822 I. H. P. 


TOTAL POWER PER [ 
NOMINAL C. P.-= .000715 I. H. P~ 



ENCLOSED 450 WATT' 
DIFFERENTIAL 
A.C. ARC LAMP 
EFF. 96.5f« 

$20 PER LAMP 
1150 NOMINAL C.P. 


Fig. 2. 

The vital question in comparing alternating and direct current 
systems is the relative amount of power consumed for the same 
amount of light. There is a great diversity of opinion on this 
subject and good authority can be found for all sorts of factors. 
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In tlie tables tlie different types of lamps have !)een given the 
following ratings for tlie sake of comparision : 


D. G. open arc,. 

...450 

watds 

at arc,. 

.2000 

D, c. enclosed arc , .. 

...450 

• * 

t < a 

.... 1500 

A. c. enclosed arc,... 

. ..4.'50 

“ 


.n.50 

A. c. enclosed arc,... 

...400 

(< 

< < t < 

. 050 

T> G. Open Ji.rc .. 

...300 

ti 


.I‘i00 

D. c. enclosed arc_ 

.. 300 

“ 


. 000 


A. C. SERIES INDUCTIVE REGULATOR SYSTEM 
-fOOWATT ENCLOSED. 


Total Cost per Lamp. 

REAL ESTATE 


BUILDINGS 

5.30 

BOILERS ETC 

17.70 

ENGINE® 

14.20 

A.C. GENERATORS 

12.50 

A C. SW. BD. 

•SO 

STATIC TRANS. 

4.30 

REGULATOR 

9.00 

ARC S.b. 

.20 

LINE 

54.70 

LAMP 

1 e> 00 


3Q OO 


TOTAL PER 
NOMINAU C.P, ♦ ht? 

Cost per Lamp rc.n Year or* 
. .5000 Hrs. 

* 


COAL Si WATCR 
WACES 

6UPT, a orncE 


ii.^so 

fl.OT 

a,00 


INT. taxes INS. T?'") , 

10.15 

OEPRLCIATION i>%) 

EXTRA OtCAOTAnC 

rtCPAI H S, RENdWAL.5, A ^ 

1 77 

SUPPLIES A1 dSjO PLIHMh?] 
TRIMMINO LAMI ■;». 5.l!;o 

carbons 1,90 

ou.o©es i. €»o 

TOTAu opftWAt e.'jKre — 

Of*e.R t'-'Ht*. rctt woHiNM-c pwfojjio 



Fio. 2. 050 NuininiU e* p. 

It is unfortunate that the SiOOO and 1200 o. j). ratings of 450 
and 300 watts respectively, adopted by most plants do not refer 
to the watts at the arc, but seem to include some small loss ia 
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the meehanisin. It has been thought advisable for the sake of 
definite comparison to give these ratings to open arcs, the watts 
being taken at the arc itself and corrections being made for the 
relative efficiency of the mechanism for difEerent^types of lamp. 
To arrive at an equitable figure for comparing the enclosed a. c. 


O.C ARC MACHINE.S ORlVCN 0Y AC.-MOTORS. 
300 WATT eiMCUOSCD. 


Total. Cost per Lamp 
REAL ESTATE 
6Ult-DiNGS 
S01l_E.RS ETC. 

ENGIMES 
A C GENERATORS 1 O OO 
A C, 3W. BD. 

A C MOTORS 
ARC DYNAMOS lO.SO 
ARC s B. .ao 

LINL 
LAMP 


TOTAU PER 
NOMimal. C.P 



Cost per Lapip Ptn Year ok 
3600 Hrs. 

coal a water 

WA©es 

SORT, a OFFICE 
I NT. TAXES INS. 

DEPRECIATION ©7^ 

EXTRA Dtp.ACT. ARC 0YM-»-?4 .42 
” '• ” ’’ LAMPAji . 72 . 

REPAIRS, RENEWALS, « 

SUPPLIES AT^a.SOPER 1.1-P.) 1.57 
EXTRA REPARS ARC DYN A1^50PERIH:.32 

Trimming lamps 2.c»c> 

carbons 1.4-0 

GLOBES lOO 

TOTAL OPERAT, EXPENSES 
OFER. EtXP PER NOM. C.P-^. 


TOTAL POWER PER 
NOMINAL. C.P.-,000 7//fp j 


300 WATT ENCLOSED 
D.c. ARC L.AMP 37 Ji EKE 
*1» PER LAMP 


Fig. 4. 900 Nominal c. p. 

and n. c. lamps with the open arcs, resort has been made to an 
average of the information at hand on this subject. In com¬ 
paring direct current open and enclosed arcs the following figures 
were used: 
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B. Thomson, Elec. World, June 12, ’97, W. per m.s.c.p. open arc, 1.2 ) « 

“ “ “ “ “ “ enc. arc, 1.74 J ^ 

L. B. Marks, ‘‘ Feb. 6, ’97. 

Pierron, Eke. Eeview, Mar. 5,’97, 

<( ({ (« t( t< 

L. B. Marks, Eiec, Congress ’93, 

i 4 iC ift £ 4 

W. B. Steel, Street Test, .82 

General Average, .739- 

This ratio is practically 75^, the value used in the tables. 



Ratio^ 

1.2 

1.74 

1 .69 

.95 

1.17 

^ .815 

.577 

.886 

I .65 

00 T- 

1- .73 



_ Fig. 5. 900 Nominal c. p. 

*The value given is 1.94 at end of run; assuming that the average absorp¬ 
tion of the globe would be 10^ less, gives the figure taken. 
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If the mean hemispherical candle powers had been taken, the 
ratio_ would have been luore advantageous to the open arc,but the- 
distribution is so much more even with the enclosed arc that the 
lighting is genemlly more serviceable and consequently the mean 
spherical values were thought to give a reasonably fair basis of 
comparison. 


DIRECT CURRENT ARC MACHINES DRIVEN BYD.C. MOTORS 
^OO WATT. ENCLOSED ARCS. 


Total Cost pen LAmr 
REAL ESTATE LTS 

BUILDIM15 5.30 

BOILERS ETC. lO lO 

ENGINES JE.aO 

A.C. SEINERATORS 8.10 

C.C. SW BD. ,40 

C.C, MOTORS- 5.10 

ARC DYNAMOS lO.OO 

ARC S.B. .20 

CINE SIJO 


LAMP 


^ la.oo 

29 4-5 


>13% 


TOTAL PER 
NOMINAL CP- *.144 

CoST i<*c« Lamp pep Veap or 

■saoo Hpa. 

COAL* water ^ 

WASCS 

SUPT.& orr-icE 
INT. TAXES INS. 7^ 

DEPRECIATION €%, 

EXTRA DER ACT.ARC OVN.T% 

.LAMP 4?4 

REPAIRS. RENEWALS, a > 

SUPPLIES AT^a.SO PER I H.p] I. 

extra repairs arc OYN.j 
AT ^.50 PER l.HP. j 

TRIMMING LAMPS 2.<&0 

CARBONS 

GLOBES 1.00 

total OPERATING EXPENSES *‘-4-6.0a 
OPCR EXP. PER NOM. C.R = -#0513 


10.20 

9.00 

a oo 

1G.50 

.A-2 
.T2 


CO 

.32 


OFFICE, STORE ROOM. SHOR 
LAMP ROOM, ETC. 

REAL ESTATE *50 PER SQ FT,*2.75 PER I.H R 

BUILDING *150 . 

TOTAL PLANT5SSQFT PER I.H R 


boilers . stack , PUMPS 
condensers, piping, etc 

♦es PER l.H.R 


5 




tJlVs- 

' 1*1 PEW K 




TRUE. WATTS 
'-*-4-7© 


40 S -- 


SG5 -- 

322 -- 

30S.*- 

300.*__ 


total Powcn ren 

S_AMP>i A-7a WATTS. 

.e-1-a 


TOTAL POWER PER 

nominal C.R-.0007^4-1- 

/nVi 


} jD.C. MOTOR* 

I I ACCESSORIES 

j ^o% EPF. 

[♦l-TPER KW. 

L 
f 

I ARC DYNAMOS 
._J * ACCESSORIES 
I Sa?i EPF. 

1 *33 PER K.W. 

LINE EFF SfeTi 
^51.10 PER LAMP 


ENCLOSED 300vvATt 
D.C ARC LAMP 
37^ EFF. 

* IS PER LAMP 


Fig. 6. 900 Nominal c. p. 

For commercial lighting in stores, the superior distribution and 
steadiness of an enclosed arc undoubtedly give it so many advan¬ 
tages that for these cases it should be rated on a par with the 
open arc. For street lighting, however, the volume and intensity 
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of the light are more important than the (jnality, and as tlie tables 
refer more especially to systems serviceable for street lighting, 
the above ratio was tahen. 

There is very little reliable information at liand for comparing 
A. o. and D. 0. enclosed lamps. The ratio was obtained as fot- 

Inwft • Kxe<‘.ss Watts per m.s. 

jtu wo . ^ 


Matthews, eial. Transactions 1898, pages 005, G15,.. 52 

L. B. Marks, Discussion ol* a,hove, page 724 ..25 

E. Thoirison, Electrical World, June 12, ’07, correcting for 

blackening of globe . 21 

W. D. Steel, Street Test. 27 

Western Electric Go., Laboratory Test... 29 

Average. 24.8 

22 ^ 3 /*^ has been taken as a convenient ratio. 


DIRECT CURRELNT BELTED ARC - 1-50 WATT CNCLO&EO 


Total Coat ren LAMr 

REAL ECTaTL 

^a.7o 

BUILDINGS 

A.IO 

BOILERS ETC. 

2.2 ‘VO 

ENGINES 

[arcs 

TRANSMISSION 

2.05 

ARC DYN. 

Ito. OO 

ARC S B. 

. 20 

LINE 

sy.sct 

LAMP* 

1 0.00 


% 1 *fnT6o 


TOTAL PfR 
NOMINAL Cr -'*.0^8 


Coot rc« Lamp or 

OAOO H«». 


COAL a WATER 


WAGES 

H .GS 

3UPT, ft Off ICE 

2.00 

INT. TAXIIS INS ?"'*] y 
DEPRfXI ATI ON ■■ 


EXTRA DEf: AOT ARC DYN.-»y- 

. Ga 

" . LAMP4% 

. 7a 

REPAIRS, RENEVv-ALS. ft ■) 

SOPPLIEG, AT ’*^2.50 PER l.H.Rj 

2.07 

EXTRA WJ'AIHSAac OYN ATT&OftlRI.H? 

TRIMMING LAMPS 

a. IS 

CARSONS 

1.70 

GLOBES 

_ uso 

TOTAU OPERAT, E’XPV.NSES ♦ 

s T.oi 


OPf„N. Lxr TER NOM C.P. 74. 



B'la. 7. 1150 Nominal c. p. 
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From the above ratios it will be seen that if 1200 c. p. is a fair 
nominal value for a 300-watt open arc, the enclosed n. c. might 
be called 900. A 300-watt a. c. enclosed would be approximately 
675, and a 400-watt increased in the ratio of the watts would give 
900. The candle power would undoubtedly increase more than 
in the ratio of the watts, and 950 has been taken ^as a mean value 


DIRECT CURREINT BELTED' OPEN ARC -1-30 WATT.; 


Total Coot per Lamp 
RELAL-estate..-^ 2.70 


BUILDINGS.6.1 0 

BOILERS ETC_20.fiO 

ENGINES.I e.65 

TRANSMISSION_3.30 

ARC DYN5.iaS5 

ARC S.B. .20 

LINE.__57.S0 

LAMP.. . ISOO 

*M2.60 

TOTAL PER 


NOMINAL CP. «*.07l3 


COST PER LAMP PER YEAR OP 3*00 RRS. 


COAL a WATER_'*13.30 

WAGES_ 11.70 

SUPT. a OFFICE_2.00 

INT. TAXES IN3. 7»'| 

. I 63 O 

DEPRECATION 6X1 

Extra dep, act arc dyn.a^ ..73 

- - « - LAMPA%.60 

REPAIRS RENEWALS a SUPPUEOl 
AT*a50 PER .l.H.P. J 

EXTRARCPAIRS ARCDVN.AT^OPeR.lJd?._. .42 

TRIMMING LAMPS. XQAJWYX.. I LOO 

CARBONS. 750 

GLOBES. .70 

TOTALOPE.RATING EXPENSES—fGS.SO 


OPER EXP PER. NOW CR -■fo3Aa 



Fig. 8. 2000 Nominal c. p. 

in working up from the 1200 c. p. open, and down from the 
2000 c. p. open n. c. The resulting costs have been divided by 
.all the nominal candle powers so that the cost can be compared 
jeadily at any reasonable rating. 
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It is only recently that much attention has been paid to the 
distribution of light at different distances along the street. The 
alternating current lamp with its maximum illumination near the 
horizontal plane lias advantages in this respect. To get the full 
benefit of this feature of the lamp, it is necessary to suspend the 
lamp somewhat lower than has been customary with continuous 



Fig-. 9. 2000 ISTominal e. p. 

current lamps. This brings out a feature which is worthy of 
consideration, namely, the effect of the direct rays on the eyes of 
the pedestrian or observer. For example, assuming that the il¬ 
lumination of objects^ from two lamps was equal when the 
observer was looking in the opposite direction from the lamp; 
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suppose that one of the lamps was placed quite high and the other 
nearly in his line of vision when looking towards the lamp; it is 
quite evident that whereas the illumination of objects is equal, 
the perceptive power of the pedestrian is decidedly impaired by 
the glare of the low hung lamp and he is not only less able to 


NO INCRdASE. IN SEINERATING PL.ANT. 

A.C. SERIES inductive: REOUI-ATOR system. -4-30 WATT ENCLOSED 



Fig. 10. 1150 Nominal c. p. 

perceive his surroundings but would also be considerably annoyed 
if the lowering of the lamp were carried to extremes. 

It is also in order to call attention to the fact that if it is allow¬ 
able to use reflectors to save the upper hemisphere of light in the 
alternating lamp, the direct current lamp should have the privi- 
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le^e of using reflectors or other devices to reflect some of the 
maximum rays so as to throw them in a horizontal plane, if that 
is the direction in which illumination is desired. Some of the 
globes in present use have considerable of this effect. 

Another factor in this comparison is that of color, the alterna- 



1500 JNominal c. p. 


fang lamps generally having a larger amount of violet rays 
Under certain circumstances this would be an objection, and it 
S “oted in this connection that photographic studies 

of the relative illnmmating powers of arc lamps are liable to be 

th^vfolS “ superior actinic value of 
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The tables are all made ont assuming that the arc lighting part 
of the plant to be running at very nearly full load whenever it 
does run. This will, of course, not applj^ to commercial lighting 
circuits, and considerable corrections will have to be made for 
such conditions. The following points might be mentioned in 
this connection. 


RETCTIFICR S Y5T £ M, 450 WATT CNCLOSED. 
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Fig. 12. 


The continuous current generators will fall off quite rapidly in 
efficiency as the load goes d^own. The engine efficiency will ajso 
fall off in the case where the machines are operated directly from 
the engines until the load is sufficiently reduced to permit shut- 
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tting down one of the engine units. Some a. o, systems have the 
disadvantage that it is not practicable to operate them at all on 
very light loads, but the efficiency is not very greatly reduced at 
light load although the decrease in efficiency of the system is aug-, 
mented by the fact that the power factor runs to quite low 
values at the light loads. > > , , . 
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Pig. 13. 


Another point in favor of the alternating systems is the fact 
thQrt the location of the plant or other local conditions, may per¬ 
mit a saving in the line investment, for example, where a large 
number of circuits ha4 to be-run for a long distance in the same 
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Total cost per lamp..... 

Total cost per nominal c. p... 
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1. Coal and water.. ...'.. 
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street, a saving in the investment could probably be made by the- 
alternating system by the use of a sub-station at the point of 
distribution. The extra attendance and cost of the sub station 
would, in most cases, partially offset the advantage. Where the- 
extra load would not interfere, the mains already in use might 
also be used for an alternating system. 

In eases where there is already a greater generator capacity 
installed than is actually needed, it is, of course, possible to- 
leave out a considerable portion of the investment shown in the- 
tables. This would apply to any of the motor-driven direct- 
current systems as well as the a. c. systems. See Figures IQ- 
and 11. 

In rare cases, the peak of the commercial lighting and power- 
load would not overlap the arc lighting load, and under such 
circumstances, some of the transformer systems, either direct or 
alternating current would have a great advantage. 

Explanatioit op Tables. 

The plants shown in the tables are, of course, intended only a» 
diagrammatic representations of the conditions, and not as actual 
arrangements best suited for the purpose. 

The tables are on what might be considered a minimum basis, 
that is, there is no allowance made for reserve in buildings or 
real estate, nor is there any allowance for reserve in the generat¬ 
ing plant beyond the fact that the engine and dynamo units have- 
been so subdivided as to avoid a great percentage of shut-down 
in ease of accident. The cost of line has been reduced, and in 
fact all other items in the different plans have been reduced 
to what might be considered a minimum for a first-class plant. 
The alternating plants shown, have a slight advantage in the- 
freedorn from shutdown over the engine driven, direct-current 
plants, although in Ae latter the engine unit is sub-divided and 
an extra allowance is made for this and for arranging one engine- 
to carry the greater part of the load in the case of accident 
to the other unit. In the case of Fig. 9 where the Arnold 
system is suggested, the direct current plant is not open to this, 
objection, and for that matter, any of the plants could be 
arranged in this way without very great increase in cost. 

JMo plans showing the ordinary low-tension constant potential 
A. c. arc system, have been put in, as the economy is so poor when 
compared with the series systems except when the system ap¬ 
proximates the conditions shown in Fig. 3. 

Figure 13 is intended to give a rough idea of the operating- 
expenses of several kinds of incandescent lighting systems. 

The diagram on the left might represent a series incandescent 
system with an inductive regulator in the station, or, it could re¬ 
present a constant current transformer system. 

The diagram in the middle is intended to represent a constant 
potential system of distribution which in some cases would have 
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tlie advantage of utilizing sontie of the mains already in place for 
other work. The lamps are shown in series multiple but, of 
course, could just as well be in plain series or multiple arrange¬ 
ments. 

The diagram on the right side might be taken to represent a 
number of direct current series systems. For example, a small 
dynamotor might be used where it was desired to run at a higher 
voltage than that of the station, and where no'great amount of 
regulation was required. If considerable regulation was needed 
a double held motor generator might be used, the potential being 
regulated by the secondary machine. Machines like constant 
current arc'machines could be used for this purpose. They could 
of course, be given much higher efScieney than arc machines, as 
they do not have to give the stability to the current which is 
necessary for running constant current arc lamps. This could 
even be extended to quite large machines of the multi-circuit 
type if there was any great amount of such lighting to be done. 

Value of Items m Tables.. 

Eeal estate has been taken at 50 cents per square foot as 
representing a fair average value, the actual values ranging 
anywhere from nothing to seven or eight dollars per square 
foot. 

Buildings have been taken at one dollar and a half per 
square foot, the range in this respect being nearly as great as 
for real estate. 

Boilers, foundations, stacks, pumps, condensers, piping and 
other accessories have been lumped together at $25 per indi¬ 
cated H. p. We have figures on plants where this item runs 
as low as nine dollars and as high as $40 per i. h. p. of engine. 
This item has been increased to $27 per i. n. p. in the engine- 
driven D. c. arc plants to allow for extra accessories on account 
of subdividing the units. The engine and boiler items are, 
of course, interdependent as, when engines are cheap, the tend¬ 
ency is for an increased cost of the boiler plant. The attempt 
has been made to get an average current market value for all 
classes of boilers and engines. 

Engines and foundations have been figured at $20 per i. h. p. 
This figure will run as low as $10. per i. h. p. and as high as 
$50 per I. H. p. for high-class triple expansion verticals. The 
rate has been increased to $22. per i. n. r. on some of the 
engine-driven plants, to allow for greater subdivision, etc. 

A. c. generators and foundations have been taken at $25 
per K. w. as a fair value of what would be put in a modern 
plant. These figures vary from .$12. to $35. per k. w. 

D. c. arc generators vary in price from less than $30 to $45 
per K. w. 

The belted arc machines have been taken at $35 per k. w. and 
the higher speed motor-driven machines at $33 per k. w. 
Large direct-driven machines would average about $45. 
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A. c. constant current transformers have been taken at $15. 
per lamp for both 400 and 450-watt lamps as there is con¬ 
siderable variation in the accessories to these transformers. 

A. c. inductive regulators have been taken at $9.00 per lamp. 
This can be made a very variable item on account of the 
amount of regulation to be provided for as well as other rea¬ 
sons. The figure is intended to cover a regulator to control the 
entire circuit. 

The line has been figured at $51.10 per lamp for the 300-watt 
enclosed n. o. lamp. This figure was based on the use of hard- 
drawn copper wire with weather-proof covering and the ordinary 
pole and suspension construction such as would be used in small 
towns or the outlying districts of cities. The size of wire for 
the other systems has been increased as nearly as possible in the 
ratio of the current, the other conditions remaining the same. 



DISTANCES 

Fia. 16. Curves showing Luminous Intensity at Street Surface with 
Different Lamps. 

It will be noted that an increase in the cost of this line construct¬ 
ion will add a fixed amount to the investment and operating ex¬ 
penses, and will not affect the absolute differences between the 
systems.^ The percentage difference will vary, however. 

The line and pole work such as is used in large cities will run 
from $100 to $150 per lamp, while underground cables and con¬ 
duits will run from $200 to $300 per lamp. 

The other smaller items will be found on the plans. 

In the rectifier system shown in Fig. 12, the values of the 
items have been taken from corresponding parts of the other 
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tables and the rectifying commutator has been put in at $2.00 
per K. w. in the absence of definite figures on the subject. It 
might be mentioned here that there seems no immediate prospect 
of commercial rectifiers of good-sized units except on very low 
frequencies. 

The incandescent systems shown in Fig. 13 have been put in 
to afford a rough comparison with the arc systems. The cor¬ 
responding items have been placed at the same values as in the 
arc tables. The lamps have been assumed to be 50*c p. lamps at 
an average cost of 85 cents per lamp, and having an efficiency of 3 
watts per candle and an average life of BOu hours. It seems 
probable that these figures could be improved upon if such 
systems came into very general use. 

Opebatino Expenses. 

Coal and water have been figured at .42 of a cent per i. h. p. 
hour. This figure was obtained by averaging the average values 
given by Foster and Moses in their papers before the Institute, 
the values given in the Street Baikvay Journal and from a 
number of arc lighting plants on which we had figures. The 
values vary from .28 of a cent per i. h. p. to :76. .42 of a cent 

per I. H. p. hour corresponds with .7 of a cent per k. w. hour 
with 80 per cent combined efficiency for engine and dynamo. 

Wages have been figured at .15 of a cent per i. h. p. hour in 
the boiler room ; the same in an alternating current dynamo and 
engine room, and at .22 of a cent in the arc dynamo room. 

The superintendence and office expenses have been figured 
at $2.0(> per year per lamp in all cases, as this will not vary 
materially with the kind of plant used. 

Interest, taxes and insurance are figured at 1 %; depreciation 
at 6^; this depreciation factor might more strictly be called 
replacement, as it is intended to include not only real deprecia* 
tion, but also a factor for replacing machinery caused by 
competition with improvements. 

A sum at compound interest at %% would equal the original 
in eleven and one-half years, so that this would seem to be large 
enough. 

Extra depreciation on arc dynamos and arc lamps has been 
placed at 4^. This makes a total of 10^ for the replacement 
factor on these portions of the plant. This would cover com¬ 
plete replacement in a little over seven years. 

The general repairs, renewals and supplies have been taken at 
.07 of a cent per i. h. p. hour. Extra repairs on arc dynamos 
have been taken at .015 per i. h. p. hour. It might be remarked 
that in several modern arc plants, of which the figures are at 
hand, this value is considerably less. 

Extra repairs on a. c. constant current transformers has been 
placed at .007. 
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The figures for trimming arc lamps have been taken from the 
data of the plants at hand. In all cases we have figures a little 
more or less than half the values used. In some cases the cost 
for trimming runs up nearly double the values taken. For 
example, we have figures varying from $1.00 to $6.25 per lamp 
per year for direct current encksed lamps of 400 to 450 watts. 
The difference comes mainly in the time spent in cleaning the 
inner globes and in the price of labor as well as the number of 
lamps taken care of by a man. The figures on enclosed lamps 
are such as would allow the globes to be kept fairly clean, and 
the cost of trimming alternating enclosed lamps has been 
increased by a small factor on account of the practice which 
obtains in some stations of cleaning the globes of these lamps 
oftener than the direct current lamps under the same conditions. 

The alternating lamps consume their carbons faster than direct 
current lamps partly on account of the increased wattage and 
partly on account of the almost universal practice of using one 
cored carbon. The use of the cored carbon also materially 
increases the blackening of the globe. In Figure 10 the 450- 
watt alternating lamp is assumed to have solid carbons, and has 
the same cost for trimming as the d. o. 450 watt lamp. 

The cost for globes was taken in the same way as the trimming 
cost. 

The life of incandescent lamps has been taken at 600 hours and 
the cost of the lamps at 85 cents. An allowance of |2.00 a year 
per each three lamps has been made for inspection and cleaning. 

OoEvws OF Illuminatioit. 

The illuminating values of . different lamps depend quite as 
much on their location as upon the system of operation. 

_ A number of curves have been plotted to show the illumina¬ 
tion of the various types of lamps under different conditions. 

The ordinates of' the, curves represent the illumination at 
various distances from the foot of the lamp-post. 

It has been thought that for street lighting purposes, it was 
fairer to take as illuminating values the illumination on a plane 
normal to the ray of light in each ease, rather than the values 
sometimes used which represent the illumination on the plane of 
the street and are the normal values multiplied by the sine of 
the angle between the ray of light and the horizontal. If the 
sine values had been used the results would, of course, have been 
much lower in value and the high lamps and the lamps nearer 
together would haye a still greater a<Jvantage than what the curves 
show. It is probable that the useful effect is somewhere between ‘ 
the normal and sine values but nearer the normal. - 

In all cases no reflectors have been used, and no allowance has 
been made for the upper hemisphere of light. There is no 
doubt but that the light in the upper hemisphere is of consider¬ 
able value, even without the use of reflectors, as the illumination 
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ot surroTindiiig buildings and trees saves a considerable percent¬ 
age of the upper hemisphere of light, especially in wet weather'.. 
It will be noted in this connection that the incandescent and 
alternating arc lamps would both be quite materially improved 
if some allowance could be made for the upper hemisphere. 

Figure 14 is a comparison of different arc lamps hung 300 
feet apart and incandescent lamps l.oO feet apart. 

Curve 1 represents the illumination from a direct current en¬ 
closed arc of 450 watts. 

The candle-power curve for this lamp was obtained by averag¬ 
ing the curves given by the following experimenters: 

Matthews, Thompson and Hilbish, Institute Paper 

Opalescent inner globe. 384 watts at arc. 

Freedman, Burroughs and Rapaport, Institute 

Paper. Opalescent inner, no outer globe_ 410 “ 

Marks, Chicago Electrical Congress. Thin opal 

inner and clear outer globe . 504 “ “ “ 

In eacli case the curves were increased or diminished in the 
ratio of the watts to reduce them to 450. The illumination 
would, of course, not vary in direct ratio with the watts, but it 
was thought that the error introduced in this way would be 
small compared with the great discrepancies introduced by other 
factor's. 

Curves showing the variation of the efficiency with different 
values of arc wattage appear to have maximum values depending 
on a great many conditions, and it was not thought worth while 
to attempt to assume any factors for correcting the curves other 
than in the direct ratio of the wattage. It is lamentable that 
there have not been more curves published, giving full informa¬ 
tion, and that we have to fall back on such methods as the above 
if we do not care to work from the results of individual experi¬ 
ment. 

Curve 1 shows the light from one such average lamp hung 18 
feet high. 

Curve 2 is plotted from the results of Matthews et al used in 
making the above average. This was used as more information 
was given with the curve. Lamp hung 18 feet above street. 

Curve 3 is the same as Curve 2 except that the illumination 
from two lamps 300 feet apart is considered, the result being the 
summation of two curves like Curve 2. 

Curve4represents the illumination from six 50 c.p. incandescent 
lamps in clusters of two, on posts 150 feet apart, 15 feet above 
the street. The illumination from these lamps was assumed to be a 
hemisphere of 100 c. p. in radius. No reflector was used, and 
no allowance made for upper hemisphere. At three watts per 
candle these six lamps would consume 900 watts, which is the 
same power as given to the two arc lamps. 

Curve 5 is for .an alternating enclosed lamp with opalescent inner 
globe, taking 327 watts at the arc, as given by Matthews etaL No 
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reflector was used. The candle power distribution curve of the 
lamp was corrected in the ratio of 450 to 327 watts. It is regret- 
able that no better curve for the alternating lamp was at hand 
for the purpose, as it undoubtedly does not show the alternating 
lamp to full advantage. 

It will be noted that in the discussion of Mr. Matthews’ paper, 
Mr. Marks thought that the n. o. lamp would be less than 35^ 
better in efficiency than the a. c. lamp taken, whereas the paper 
gives more than 50;^ better efficiency for the n. c. lamp. Mr. 
Matthews, in a recent letter, has also stated that he thought this 
va.lue should be reduced to something less than S6fo so that it is 
fair to assume that the illumination curve from the a. c. lamp 
should be raised about 20^ through all the curves. 

Curve 6 is the same as Curve 2 except that the lamp has been 
raised from 18 to 30 feet high. It will be noticed that the street 
ihumination is less near the lamp, but begins to be greater at 
distances over 140 feet. At 300 feet the high lamp gives about 
one-third more illumination. The mean ordinates come out as 
follows: 


3-d. c. end. 18 ft. high, 300 ft. apart, mean results,.34 

“ “ “ “ ■ “ Matthew aZ.18 

“ “ 80 ft. “ " “ .059 

2-a. c. “ 18 ft. “ “ “ .061 


6-50 o. p. incandescent, hunches of 3, 150 ft. apart, 15 ft. high, .14 

It will be noted that the mean illumination from the incan¬ 
descent lamps is considerably higher than any but the direct 
low hung lamps. The minimum ordinate of Curve 3 is .034, 
that of Curve 4 is also .034. 

Figure 15. The curves on this plate show the relative 
illuminations with a 600-foot distance for the arc lamps. 

Curve 1 is the d. o. enclosed lamp from mean results as in 
Curve 1 of Fig. 14. The lamps are placed 30 feet high. 

Curve 2 represents the illumination from seven 50-c. p. 
incandescent lamps 100 feet apart, 15 feet high. 2.6 watts ^ 
per candle. 

Curve 3 is for the alternating lamp as in Curve 5, Fig. 14, 
except that it is hung 30 ft. high. 

Curve 4 is the illumination from two of the lamps of Curve 
1, 600 feet apart. 

The value of the mean ordinate for the two d. o. enclosed 
lamps is .10 The mean ordinate for two alternating lamps 
would ^ be .036. The mean ordinate for the incandescent 
lamps is .11 The minimum ordinate of Curve 2 is .037, that 
of Curve 4 is .007. 

It will be seen that the relative effectiveness of the incan- 
descent lamps increa ses quite materially with the distance be- 

1. This efficiency could be obtaiined easily by the use of reflectors or we 
might even hope to reach this result with the lamps themselves,’if there were 
very large demands for such systems. 
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’tween arc lamps, and that at greater distances between arc lamps 
the incandescent system would give a much better mean illu¬ 
mination. 

Figure 16. This is a comparison of the lighting at short 
distances such as would occur in the business district of a city. 

Curve 1 is the illumination from six 50-c. p. incandescent 
lamps, tating a total of 900 watts located in clusters of two, 
50, feet apart. Height above street, 15 feet. 

Curve 2 gives the illumination from two of the mean n. c. en¬ 
closed lamps taken for Curves 1 in the other plates. The lamps 
^re 100 feet apart and 18 feet high. 

Curve 3 is for two a. c. enclosed lamps as in the other plates, 
18 feet high. 

The mean ordinates are .35 for the incandescent lamps, .76 
for the n. o. enclosed lamps and .28 for the a. c. enclosed lamps. 
The relatively poor showing of the a. o. lamps in this case is 
partly due to the low efficiency of the lamp as discussed pre- 
yiousiy, and partially to the fact that its light is more concen¬ 
trated near the horizontal plane. Eetlectors on the lamps and re¬ 
jection from buildings would bring up the utility of the a. c. 
lamp considerably. 

Conclusion. 

A perusal of Table A, which gives a summary of the different 
systems, makes it evident that open n, c. arc lamps show up 
quite well as compared with more recent improvements when 
only the quantity of light is taken into consideration. It must 
be borne in mind that to get these results for open arcs the 
most modern apparatus has been taken in the station, and the 
operating expenses are also reduced to the best average modern 
practice. It is perhaps not fair to compare the open and en¬ 
closed lamps without any consideration of the quality of the light, 
so that we will have to discount the results for open arc lamps, 
depending a great deal upon individual opinion. 

The alternating arcs do not show very favorably in making the 
various comparisons. The principal loss comes from the rela¬ 
tive inefficiency of the arc itself. If this can be improved upon, 
or if the ratio taken between the n. c. and a. o. arc can be brought 
down, the relative economy of the a. c. systems would increase 
quite rajDidly. 

In general it will be seen that the n. c. plants are the most 
favorable for places where the whole or nearly all the output is 
used for* arc lighting. "Where but a spall portion of the load is 
arc lighting, either the straight alternating systems or some of 
the systems transforming into direct continuous curi’ent by 
means of motor generators or rectifiers would be the most prac¬ 
ticable. 

There seems to be no particular reason why large direct cur¬ 
rent lighting or railway plants should not go into the series arc 
lighting business more than has been the practice. It appears 
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that they could operate arc lights or direct current series incan- 
descents with very good economy as far as the lighting is con¬ 
cerned, and probablj^ increase the economy of operation of the 
rest of the plant as well. IVhere there are already storage 
batteries installed, there are a number of additional advantages 
resulting from the combination. In this connection it might 
be well to note that the ordinary direct current arc machine is 
perhaps the best suited of all generators to be driven at vari¬ 
able speed, so that there is not likely to be any great disturb¬ 
ance on the arc circuits caused by a fluctuation of speed or 
voltage in a railway plant. 

The problem of building motors to run at a fairly constant 
speed with reasonable variations in voltage has also been taken 
up recently and solved with fair success. 

The curves of illumination seem to show that arc’Tipiting 
is by far the most economical method of lighting the central 
parts of cities, while in sparsely populated districts incandescent 
lamps seem to have a great many advantages. There is no- 
doubt but that the very glare of an arcvlamp impresses the pub¬ 
lic considerably, and that in passing from open arcs to enclosed 
and then to incandescents we are losing this effect and tending in 
the direction of Welsbach or ordinary gas lighting. 



AMEEIOAN INSTITUTE OF ELEOTEIOAL 
ENGINEERS. 


New Yore, December 27, 1899. 


The 138th Meeting of the Institute was held this date at 
12 West 31st Street and was called to order by President 
Kennelly, at 8.15 p. m. 

The Secretary announced that at the meeting of the Executive 
Committee in the afternoon, the following associate members 
were elected: 


Hardy, Carl Earnest, Student, Cornell University, resi¬ 
dence, 306 Huestis St., Ithaca, 
N.Y, 

Lecturer in Mechanical Engin¬ 
eering, McGill University, 
residence, 86*3 Sherbrooke St., 
Montreal, Quebec. 

Chief Engineer and Superinten¬ 
dent, Hanshin Elec. K. R. Co., 
Front Sannomiyo Station, 
Kobe, Japan. 

Moody, Virginius Daniel, Senior Student, Cornell Uni¬ 
versity, residence. 215 Dryden 
Road, Ithaca, N*. T. 

Taylor Jeremy F. Electrician, Detroit Copper 
Company, Morenci, Arizona. 


Jaquays, Homer M, 


Misaki, Seizo, 


L. S. Randolph. 
Fred'k Bedell. 
Harris J. Ryan. 

R. B. Otvens. 

L. A. Herdt. 

0. H, Davis. 

W. E, Goldsborongh 
Harold B. Smith. 
K. Iwadare. 

Edw, L. Kichols. 
Fred’k Bedell, 
Harris J. Ryan. 
C. F. Bancroft. 
Ernst Berg. 

W. 0. Woodward. 


Wolff, Frank A., Jr. 


Total 6. 


Professor of Physios and Elec- W.D Weaver 
trical Engineering, Corcoran J. E. Woodbridge, 
Scientific School, Columbian T. C. Martin, 
University and in office, U. S. 

Standard Weights and Meas¬ 
ures, Washington, D. 0. 


The following associate members were transferred to member 
ship: 
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Hewlett, Ernest Holcombe Electrical Engineer in Chief Control, Book- 
hampton Gas and Coke Co. Ltd.; residence, Esto¬ 
ril, Rockhampton, Queensland, Australia. 

Knox, Chas. Edwin WithC. 0. Mailloux, Consulting Electrical Engineer, 
150 Nassau St., New York. 

Burtok, Wm. Corwin With J. G. "White & Co., 39 Broadway, New York 
City. 

The Peesidejstt :—Tlie first business before the Institute 
this evening is a paper upon the “ Cost of Arc Lighting,” copies 
of which you have before you. This is a communication in dis¬ 
cussion of Prof. Eobb’s paper that was read here on September 
27th. Mr. Wait is unfortunately not here this evening, but Mr. 
Albright has kindly consented to read the communication in 
his absence. 

[See p. 555.] 

The President: —Accompanying this paper are sixteen diag¬ 
rams and also a summary, to which the whole paper appears to 
tend, appearing under thirteen columns. The paper is now be¬ 
fore you for discussion. 

Discussion in hfsw York. 

Mr. 0. 0. Mailloux: —I regret very much that I am not 
able to contribute to the discussion, because I have only just seen 
the piper and the diagrams. I am greatly impressed with the 
evident care and thoroughness bestowed upon it. The paper seems 
very valuable and it evidently contains a great deal of useful in¬ 
formation in convenient and complete form. I regret very much 
that I have not had time to study it so as to be able to discuss it 
intelligently. The paper is not perhaps one that admits of, or 
needs much discussion. The paper is really a statement fur¬ 
nishing comparative data very useful for i^eference which the 
members of the Institute can have before them whenever they 
wish to investigate matters of this kind. 

It affords perhaps a more complete presentation than any yet 
attempted of the points of difference and of the items of relative 
cost which should be considered in making a comparison between 
various methods of operating arc lamps. 
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Watt on Cost of Arc Liohtino. 

[See p, 656.] 

Discussion in Chicago, December 27,1899. 

Mr. F. K. Boyer :—I had hoped to come prepared this even¬ 
ing with some iigures based on the actual operation of the Hart¬ 
ford system in a number of stations in which it has been installed 
throughout the country. It was only a few days ago that my 
attention was called to the very interesting paper read by Mr. 
Wait this evening, and, owing to the holidays intervening, and 
some rather pressing business, 1 was unable to get what I wanted; 
and, therefore, rather than discuss the figures which are given 
by Mr. Wait, I will refer briefly to what has been done in the 
installation of the system. 

Something over a year and a half ago the first installation was 
made at Hartford, Conn. Since that time something over 6,000- 
light capacity has been installed in other cities. Tn nearly every 
instance the installation was not made until after^ the Hartford 
system had been inspected, either by the prospective purchasers 
or by engineers appointed by them. Of course, in^ the first 
place, the only place to inspect it was at Hartford. Since then 
so many installations have been made in various parts of the 
country, that it was not necessary to go to Hartford; plants 
could be seen nearer home. 

A notable instance of the installation 'of this system^is at 
Omaha, with 400 lights nsed for, street lighting, where the direct- 
current open type has been replaced by the same number of the 
alternating-current, enclosed series, 6.6-araperelamps. 

In St. Louis, where, as you all know, the Mivssouri-Edison company 
has been practically operating the Hartford system, but instead 
of having an automatic regulating transformer, it has been using 
a transformer with fixed coils and a hand regulator, using the 
open arcs instead of the enclosed arcs. When the Missouri- 
Edison company installed its underground three-wire system- 
instead of putting in the open arcs, it put in enclosed arcs, using, 
however, a multiple arc, instead of a series arc. The reason for 
this was that the company wanted to connect the lamps to 
system of three-wire mains. The St. Louis people and the 
Omaha people both have large installations, and they, as well as 
the owners of a 100-light installation at Adrian, Mich., report 
very favorably. The general public, the people whom the lamp 
owners are trying to please, are as well satisfied as they were 
with the old system, and, in some eases, better. ^ 

It has been clearly established, of course, from a commercial 
point of view, that the enclosed arc lamp is a success for street 
lighting. As to its economy m operation, we don t claim 
that for a station operating street lighting alone-that is 
not doing any commercial lighting—the Hartford system is 
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the system to install. Id that case, we believe that the direct- 
current, operating from a direct-current series machine, with 
^closed arc lamp, is the system to install. For a local light¬ 
ing company doing a commercial business as well as street light¬ 
ing, there is no doubt at all that the Hartford system, used in 
connection with the alternating machine, is the proper system to 
install. Take Omaha, for instance. The company in that city 
some few years ago had a station, I think, of three stories, and 
each one of the stories was filled with operating machinery. 
2^ow there is a one-story building, since the installation of the 
Hartford system, and the company has scarcely filled the first 
floor, using the alternating current successfully, with large units, 
by which motors, arc lamps and incandescent lamps are supplied 
from the same source of power. That is where we claim that 
the alternating series system is economical. 

I am sorry that the time was so short that we could not 


jg’esent to you some figures showing the actual operations of the 
Hartford system. At some future time I will, perhaps, be able 
to give you those figures, because the system has been watched 
very closely, both by the managers of the companies that have 
installed the system and^ by our own engineers, and we are now 
just about prepared to give figures based on actual operations. 

Mr. Georoe a. HamooSt:— Our ofiBce recently adopted a 
system of street lighting, for a suburban town, which allows a 
combination of one circuit of series alternating-current arc lamps 
controlled by an inductive regulator, and two or three circuits of 
series incandescent lamps, both are and incandescent lamps beinc^*. 
run from one alternating-current machine. ^ 

Considering the best system to be adopted for these small 
TOwns, there are a number of things to take into consideration. 
Ihe question of relative efficiency and total cost of installation 
and operation of arc-lighting systems has been very thorouo-hly 
covered m Mr. Wait’s paper, but these items of costand efficiency 
are not always the governing considerations—especially in plants 
01 moderate size. In such a case it is desirable to locate arc 
lamps in the center of the city, but in the outlying districts, 
where the population is scattered, incandescent lamps are satis¬ 
factory. As has been pointed out, the mean illumination from 
incandescent lamps may be higher than that obtained from the 
same amount of energy used in arc lamps, but, on the other hand, 
there is no doubt but that a town lighted by arcs appears to be the 
better lighted. Most city councils like to have their towns look, 
from the railroad at least, as if they were well lighted, and the 
advantages of arc lighting for this purpose generally appeal to 
them. In the installation already referred to, there was coLider- 
able commercial incandescent lighting to be taken care of, besides 

tat best system 

^“ alternating-current dynamo, capable of 
handling, all classes of service, and the only question considered 
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was the relative advantages of the two or three commercial sys¬ 
tems which would accomplish tliis result. 

I notice that Mr. Wait, in his discussion, has reduced all 
values, for the purpose of comparison to the cost per candle- 
power. This compares the quantity of light given oif by an arc 
without taking into account the quality. Now, it has been often 
pointed out that there is considerable difference between the 
candle-power of an arc lamp and its illuminating power. Further¬ 
more, the candle-power of an are lamp is a hard thing to measure 
with any given lamp. When it comes to a comparison between 
all the different kinds of arc lamps—open ares, enclosed arcs 
both alternating and direct current—there is considerable varia¬ 
tion in the reported results, and any deductions of relative cost 
based upon these figures will necessarily be as unsatisfactory as 
are these reported results themselves at the present time. 

\ on will notice that Mr. Wait uses the ordinary rating of 2,000 
candle-power for the open series-arc lamp. This rating has always 
been nnsatisfaetory, and it is unfortunate tliat wo don’t make 
some effort to get away from it. Allowing 2,000 candle-power 
for a 460-watt lamp, there will be only 0.226 watt per candle- 
power, whereas, in the valiums (piotcd from Professor Thomson 
and L. Jh Marks, the watts per mean spherical candle-power for 
open arcs are given at 1.2 and 0.06, which indicates that these 
authorities are using candle-power ratings of about one-fifth the 
2,000 candle-power value usually taken. Fortunately, however, 
the ratio between the costs as given, and also the conclusions 
■drawn would not change, even if the candle-power basis were to be 
taken at nearer its true value. 

In the final table, showing the conclusions to he drawn from 
Mr. Wait’s calculations, I was interested in noticing, in the com¬ 
parison of the operating expenses per ('-andle-power, that tlio cost 
is less (the value being o.0ai;-^>) for the station using the 460-watt 
soricB-arc lamp operated from direct-connected arc dynamos. 
This brings us back to the opening sentence of Mr. WaiFs paper, 
in wliich he states that the figures were originally nnule to see 
whether or not it would pay to build a direct-current arc machine 
suitable for direct (connection. I. would say that his conclusion 
might he that it would ])ay, although he has not said so, and I 
should like to hear his (conclusion on that subjicet. It strides me 
that the great want at the])resent time in power-station work is 
ii direct-connected arc dynamo—a machine we can install in our 
stations on the same basis as the large alternators; that is, a 
ma(dune that ccan be built in largo sixes and directly connected to 
ix (JorlisB engine without a (countershaft. 

Such a plant is sliowid by Fig. 9, and if 1 read Mr. Wait’s figures 
aright, this arrangeinent shows tliebcst results from an operating 
•standpoint. The diagram shown in Fig. 9 provides for a direct- 

1. Wesiern Electfician^ January 18, 1900, page 25. 



680 


WAIT ON GOST OF AEG LIGHTING, 


[Dec 27,. 


connected arc plant, and also for other units to be used for other 
purposes. Owing to the fact that the arc-lighting load and the 
commercial incandescent and power load will overlap under- 
ordinary circumstances, it will usually be found desirable to have 
separate dynamos for the arc-lighting circuits, and the arrai^e- 
ment suggested indicates a desirable one for many stations. For 
instance, the center engine could be a center-crank engine, 
directly connected to two large arc dynamos. The unmarked 
units at each side could be alternating-current, or even direct- 
current generators for commercial work, directly connected to 
side-crank engines. It is hardly necessary for me to point out, 
that this arrangement would be much more satisfactory and re¬ 
liable if all the engines and generators were interconnected by 
means of the Arnold system* so that the crippling of any one- 
engine unit would not interfere with the output of the plant. 
One of the most interesting points brought out by the paper is 
whether or not we are tending toward a large direct-driven arc 
machine. 

Mr. Alexander Churchward :—I should like to ask Mr. 
Boyer one question in regard to the power factor of that system 
(if he were here), because I think, from what I understand of the 
constant current system of the General Electric Company, that 
you get a comparatively low power factor, and if very low, of 
course, it will upset the regulation of your machine. I under¬ 
stand that the power factor is from 60 to TO per cent, under full 
load. IMow, if you have a power factor of TO per cent., a much 
larger generator will be needed to supply a given number of 
lamps than if the arc machine were driven by a direct-current or 
synchronous alternating-current motor. Our losses with the low- 
power factor would increase and cut down the efficiency of the 
generator, and our operating expense certainly would go up, and 
also the cost per lamp; because with the low-power factor we 
need a larger machine than with a high-])Ower factor. That 
would increase the cost of the alternating lamp per candle-power 
and spoil the regulation of the system. Therefore, if we are- 
going to spoil the regulation by putting on a series-alternating- 
lamp, that again will be a loss. For instance, if you take a small 
plant of 200 kilowatts and put on lamps equal to 50 kilowatts^ 
with TO per cent, power factor, that is going to interfere with the 
regulation of the rest of the load., 

Mr. Foster: —We do it at better than TO per cent. 

Mr* Churchward :—If it is any better than that let us know 
what it is. 

Mr. Warner: —I can answer that. I was assured by Mr. 
Sunny the other day that the system gives a power factor of a 
little over 80 per cent, under full load. 

Mr. Churchward: —What would it be under three-quarters' 
load? 
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Mb. Wabneb :—I didn’t get that. 

Mb. Chubchwari) :—Taking any of oiir existing stations to-day, 
where we want to run arc lamps, if the machine is composite wound 
and the voltage rises 10 per cent, under full load, with a 95 per 
cent, power factor, if the power factor is reduced down to from 80 
to 75 per cent, we lose our regulation. If we are goingto lose our 
regulation by using that system, I don’t think we would gain much 
by putting in a synchronous motor and driving the arc machine. 
So that the power factor being better, we would then get 
better results and better efficiency, and the cost per lamp would 
be brought down, as shown by the diagrams; we would not upset 
the regulation of our station, and I think this is one of the main 
points. It is poor enough now. I don’t think it advisable to put 
in a system that is going to reduce the regulation 10 or 15 per 
cent, unless we have a man to watch it all the time, which means- 
an additional expense. 

Mb. E. P. "Warner. —I am sorry to say I have been so busy 
lately that I have had little time to prepare myself for the dis¬ 
cussion of this subject this evening. 1 have had occasion to look 
over a number of statements that have been made regarding the 
power factor of the various alternating systems of arc lighting, 
and among them, of course, the Hartford system. I have noticed 
by some advertisements that the jiower factor was as low as TO 
per cent, at full load. 1 asked people who knew what it was, and 
was assured that it was about 80 per cent. I feel just as Mr. 
Churchward does, in regard to the matter of the effect on gen¬ 
erators. Unless we can get a series alternating system in 
which the power factor is certainly not less than 90 per cent, we 
can’t be considered in a position to compete with the direct- 
current, enclosed-arc system. 

Coming to the tables that Mr. Wait has prepared, they show 
very thoroughly and fully some very interesting points regarding 
the comparative cost of operating plants. 1 don’t find anything 
there, however, that would approximate the conditions of a plant 
such as Mr. Boyer has called attention to. That is, one in which 
a large amount* of the business was “commercial” lighting, using 
ordinary incandescent lighting, either commercially or on the 
street, and in which only a very small proportion of the busineiss 

is arc lighting. . „ , . 

I should be very much interested, if there is anyone present 
who can give it, to have information as to the real economy 
that can be obtained by the use of the Hartford system, or some 
system akin to that, in, say, an alternating station that has been 
already established, where they are doing coustant-potentiai 
arc lighting and iiicandescent lighting, and power w^k. 

Mb E. 11. Pierce :-T-I would like to call on Mr. Wait again 
in regard to this matter brought up by Mr. Damon; that is to 
say as to his conclusion on the advisability of installing large 
direct-connected, direct-current units, and whether or not there 
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is a tendency in that direction. One thing is certain, that the 
economy \vhich various companies are trying to get by these dif¬ 
ferent systems, they aim to bring about by the use of large units, 
which, perhaps, in general, will increase the efficiency and de¬ 
crease the labor account, which is a considerable item. And I 
suppose that any analysis would show that a large proportion of 
the decrease in expense in any s^^stem is due to the use of a few 
large units. Therefore, it is very pertinent, I think, for us to 
learn the status of the large connected direct-current machine. 

Me. Wait ;—Taking up some of the points that have been 
mentioned in the discussion, I might first call attention to Mr. 
Boyer s remaihs that ‘the Hartford system has been installed in a 
very large number of plants, and that it has almost uni¬ 
versally given satisfaction. This really comes back to the 

same point that is taken up at the very beginning of 

tlie paper—that the Hartford system, in practically all eases, 

1 think, has displaced some ,of the older forms of open- 
arc systems. It is more than likely that in a great 

many of these cases a modern direct-current system could have 
displaced the older open-arc systems and have furnished better 
light to the public at a less cost to the station. 

In this connection I have heard recently of a town near here, 
where they are operating both the alternating and the direct- 
current systems and the old direct-current company is 

making life miserable for the alternating company by poking the 
public up to perceive that the alternating lamps don’t give out 
quite as much light as their lamps. 

The alternating sj’sterns and the enclosed direct-current arc 
systems offer a very fine opportunity of putting up a confidence 
game on the public. That is to say, it will quite frequently be 
possible to convince city councils or other uninitiated persons 
that a lamp taking less watts will give more satisfaction for 
street lighting than some of the old open lamps. That this is 
possible will readily be seen from a comparison of the candle- r 
power curves of open and enclosed lamps, either direct or alter- 
natiiig. The enclosed lamps, especially the direct-current, give 
considerable more light near the horizontal than the open arc, so 
that actual photometric measurements, taken in the middle of a 
long block, from an open lamp at one end and an enclosed lamp 
at the ouier end, will show to the advantage of the enclosed 
lamp. The advantage of the enclosed lamp is, perhaps, even 
more apparent to the eje, because the effect of the compara¬ 
tively diffused light from the enclosing globe seems to make 
a greyer impression than the twinkling beam of the open 
arc. Quite frequently, the observer will think that the enclosed 
lamp is the brighter, judging by looking at the lamp, while, if 
he looks down at his shadow, he will see that the open lamp is 
making the darker shadow. 

Another point that influences such tests, is the extreme varia- 
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tion in the froin an open are; that is, if the carbons are ar¬ 
ranged either by accident or design so that there is considerable 
shading of^the crater, the light in the direction of observation 
may be quite small. The enclosed lamps, of course, are notsub- 
ject to nearly so great variations in this respect, partially on ac¬ 
count of the greater length of the arc, and partially on ac¬ 
count of the superiority of the more recent mechanisms. For 
example, a 1,200-candre-power open arc, with carbons poorly 
adapted to the conditions, and having the ends overlapping, will 
give practically no light in certain directions. 

The light on the sidewalk near the open lamp is, of course, 
much greater than from the enclosed lamps, but in a great many 
cases it is possible to convince purchasers that this very brilliancy 
is a disadvantage, because it makes the distant regions seem even 
darker, on account of the comparison. In addition to the other 
arguments in favor of the enclosed lamp, its superior steadiness 
and the greater reliability of the newer mechanisms make it find 
favor, both in the eyes of the public and the station man. 

Most of us would probably be glad to see the old systems dis¬ 
placed by enclosed lamps, but it is only fair play to" the open 
arcs to bring out some of these points" and show that a great 
many of the evils can be cured by the use of modern mechanisms, 
carbons adapted to the conditions, and globes which will diffuse 
the light or distribute it in the direction desired. The city of 
Brooklyn might be cited as an example, where the authorities 
would not permit the substitution of alternating enclosed lamps 
for direct-current open lamps. 

Mr. Boyer lias referred to the cost of operation and other mat¬ 
ters in connection with the Omaha Thoinson-Houston company. 
I have a letter from Mr. White, of this plant, in which he gives 
an account of some photometric tests he made out in the street, 
in which he obtained more light from the alternating 4.50-watt 
arc than from his open direct-current 450-watt arc. The results 
of these observations are evidently what might be expected, and 
the difference between these results and those given by Mr. 
Steel in his communication is probably due to the angles of ob¬ 
servation and other differences, a number of wiiich have been 
previously mentioned. 

Coming to the plant mentioned by Mr. Damon, I would like 
to ask how many arc lamps there were and what system was 
adopted ? 

Mjr. Damon :—There were 17 lamps to be installed on the 
Manhattan system. 

Me. Wait: —It is evident that the small number of arc lamps 
is alone a sufficient reason for not considering direct-current arc 
machines, and that this fact also puts the Hartford system at a 
disadvantage commercially. This question of the ratio of the 
arc-lighting load to the rest of the plant is the all-important one 
in deciding between the direct-current and alternating arcs. It 
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will be seen that the reasons for deciding on alternating arcs in 
this plant will be maintained in considerably larger plants, 
where the arc load is still a very small portion of the total. 

Mr. Damon and Mr. Pierce have both asked abont the possi¬ 
bility of obtaining large arc machines. I might mention that our 
company (Western Electric Company) has sudicient confidence in 
the future of large direct-current arc machines to undertake the 
development of a line of multi-circuit machines. The larger 
sizes of these machines are not ready for the market as yet. 
There has also been some mention in recent periodicals of the 
development of large arc machines by other companies. 

Mr. Churchward has asked about the power factor of the 
alternating system at light load. The power factor at three- 
fourths load in the Hartford plant was stated by Professor Kobb 
to be 62 per cent and 24 per cent, at one-fourth load. 

This question of power factor brings up a point in connection 
with the operation of the plant. Suppose, for example, we have 
an alternating plant in which the same generators and engines 
are to be used, both for the arc-lighting load and other purposes. 
If the engine has the same capacity as the generator*, it will not 
run at an economical load when used on an arc load of low power 
factor, unless the generator is run at a considerable overload. It 
is for this reason tlaat in the tables, the generating units for the 
arc load have been arranged in proportion to the power factors, 
so that the generator and engine would reach their economical 
limit at about the same time. If one of these units is used on a 
nearly non-inductive load, the generator will’then be working at 
less than its maximum economy. Where all generators can be 
run in parallel anddhe arc lighting is a small part of the whole, 
a low power factor in the arc load will, of course, not have so 
much influence. 

There has not been very much said about alternatingjinductive 
regulator systems. I am sorry there is nobody here to speak up 
for these systems, as they undoubtedly have a good many advan¬ 
tages that might be brought out. I have no figures on the actual 
results obtained in practice. In the published accounts of some 
of these systems, powmr factors as high as 90 per cent are claimed, 
and from the results of some tests th^at I have in mind, I think it 
is quite possible to obtain results very nearly as good as this, and 
even better in some cases. This very feature of a high power 
factor gives such a system a considerable advantage over other 
alternating systems. An unusually high efficiency is also claimed 
for some of the lamps used on these systems. 

^ Mr. Warner has brought up the comparison of alternating and 
direct-current systems for “commercial^ lighting. It is evident 
in general, that the alternating systems would have somewhat 
more advantage for this class of work than would be indicated 
in the tables. The motor-driven or rectifier systems, however, 
share these advantages with the straight alternating systems, and 
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the latter have the great disadvantage mentioned in the paper, of 
■either not operating satisfactorily at all on light loads or having 
quite low power factors. Tables 10 and i 1 are intended to be 
especially applicable to these conditions. 

Mr. Pierce spoke of the increased economy of large generating 
units on account of less attendance, etc. i might mention here 
an arc plant in which there are ten 150-liglit "machines and two 
engines, in which there are only two men in the engine room. 
There is also another plant in which there are 12 machines, 
a countershaft and three engines, in which there are only three 
attendants in the engine room. These plants are both three or 
four years old and have two well-known makes of arc machines. 
From a consideration of these plants it is diflicuit to see how 
there can be any great difference in the item of attendance be¬ 
tween modern arc machinery and other larger generators. It is 
quite evident that there will be some difference^ but the item is 
so small that it does not affect the total cost very materially. 

Before I stop, I would like to emphasize the desirability of 
getting some relative nominal rating for the different kinds of 
arc lamps, otherwise both parties to a contract will have all sorts 
of difficulty in settling on a reasonable basis. It does not seem 
possible to adopt any actual candle-power ratings, without giving 
rise to endless controversy. The hopelessness of rating by actual 
candle power is emphasized by the suit now pending in a good- 
sized city, where all sorts of contentions are made concerning the 
light of a standard form of open-arc lamp. If there can be so 
much controversy over a single type of lamp, which has been in 
use for so many years, what may we expect when we have com¬ 
petition between all the various forms of lamps now on the mar¬ 
ket. I understand that some steps toward standardization have 
been taken by the National Electric Light Association. It would 
seem very desirable to discuss this matter as fully as possible, so 
that the association or some other representative body can get 
together all the information there is on the subject. 

Mn. F. L. Merrill: —Being only a privileged guest, this 
evening, I have hesitated to say anything until invited. I can 
only say that our company has the Manhattan system, which 
includes the reactive regulator and the new-type concentric lamp, 
the lamps being without series coils and having only one mag¬ 
net therein. We have a large amount of business that calls for 
the use of no transformers. This system permits the use of 
a series of about 25 or 26 lamps connected directly across 
2,000-volt primaries, which are being installed all over the coun¬ 
try. In case people want to use a higher number of lamps than 
25, a step-up transformer is a very simple proposition. In a large 
installation, an alternating nnit of the required voltage, operating 
nothing but arc lamps, may be used. An example of this is the 
Los Angeles and San Gabriel Electric company, at Los Angeles, 
CaL, having nine circuits of 100 lamps each- These will be oper- 
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ated from a Y,500-volt generator without transformers. We are in¬ 
stalling at the Union Stock Yards, for Swift & Co., 150 lamps,, 
which will burn in six circuits, two circuits on a transformer, and 
each transformer on one phase of a three-phase sjstem. In this- 
case we shall step up from volts to 2,000. 

Regarding lighting from alternating lamps, my own impres¬ 
sion, trom observation, is that the light is more satisfactory and 
more reliable for street lighting. The average grade of carbon 
that is used in open arcs is not very satisfactory, and much de¬ 
pends upon that as to the degree and amount of light The 
open-arc, direct-current lamp is complicated and throws shadows 
directly under the lamp, and a decrease in efficiency is noticed 
in a very short time. The enclosed lamp, of course, is not 
affected by the wind. In the new type of lamps which we are- 
putting out, the side rods are only about one eighth of an inch in 
diameter, and throw practically no shadow at all. 

In rny own observation, near my residence, there is a block 
lighted, by private subscription, froin the mains of the Common¬ 
wealth Electric Company, and on the next street, a parallel 
boulevard block, that is of the same length, on which the high- 
tension system is in use. There are more lamps on the boule¬ 
vard, all of the latest type, with opal globes, and I believe that 
the ffrst block, with a smaller number of six-ampere alternating 
lamps, is better illuminated. 

The Manhattan system has been put in in a great many places, 
replacing small plants of open'ares. The satisfaction is almost 
universal. The diffusion of the light from the globes of the 
enclosed arcs seems to me more satisfactory for general illumina¬ 
tion. 

I believe that the alternating system, compared with the old- 
style, direct-current arc system, vvhich it will probably supplant,, 
in a great many cases, is a very fair test of the efficiency of that 
system. It represents a dismantling and throwing out of almost 
obsolete types of machinery in a great many cases. It means 
the throwing out of old types of lamps that ])robably have not 
been kept in repair. The average distribution of light from a 
direct-current arc is not the best. Most of the six-ampere lamps 
are better than the direct-current lamps of ten amperes. 

Putting in the alternating-series system, under ordinary cir¬ 
cumstances, is to place it in the hands of inexperienced men. I 
think if the system will operate satisfactorily under those con¬ 
ditions, that it is a very fair test. There is no question about 
the efficiency of an alternating plant, with the series lamps 
under our system. We are prepared to guarantee a power fac¬ 
tor of 89 per cent, at full load. As to partial loads, I cannot sayj 
but I promise it will not run under the Plartford system. The loss 
in our regulator is constant, being simply the PM loss and a small 
iron. loss. The loss in a 50-light regulator is only 150 watts. 
In fact, in a 60-light system the loss is equivalent to one lamp^ 
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as against live lainps in the Hartford system. The regulator has 
only one coil, and^ can be replaced, in case of a burn-out, in 10 
minutes. There is absolutely nothing else to get out of order, 
The company has sold and put in nearly 8,000 lamps in the last 
six months. 

Mr. WiiT:—I would like to ask Mr. Merrill about tlie San 
Gabriel plant that he has mentioned. There were nine cinmits of 
100 lamps, I believe, at 7,200 volts constant potential. 

Mr. Merrill:— It is about 7,500. 

Mr. Wait : — I would also like to ask what provision is made 
for taking care of a ground on the positive side of a circuit when 
there is one on the negative side of one of the other circuits. If 
the regulators were to take care of only a portion of the circuits, 
one would expect to see the whole system shut down, unless it 
was protected by other automatic devices besides tlie regulator. 

Mr. MEpiLL:—I do not believe I am sufficiently familiar 
with that installation to reply exactly. It is, however, provided 
with regulators which can be made to take care of a large part 
of the capacity of the circuit. A ground coining on the opposite 
sides of any two circuits of the system will, so far as I can say 
offhand, cut out the number of lamps that tlie regulator would 
take care of in the portion grounded. 

Mr. VV^ait :—It would seem that in order to get complete im 
dependence of a large number of circuits on such a system, it 
would be desirable to have static transformers in between the 
generators and the series system. That is the reason that wher¬ 
ever such systems are shown in the tables, an addition has been 
made for static transformers. Since making up these tables, it 
has occurred to me that it would not be necessary to have trans* 
formers for the entire capacity; but that a certain number of 
transformers might be provided to throw in where ti'ouble 
occurred. 

Mr. Merrill has also spoken of the direct-current lamps being 
somewhat complicated. 1 suppose that is a matter of opinion ; 
but there is one thing certain, and that is that the alternating 
lamps are liable to produce a humming, even under the best 
conditions. 

I think there is no doubt that an alternating-lamp mechanism 
is intrinsically a more difficult piece of apparatus to maintain 
than a direct-current mechanism of the same character. In actual 
practice it has been found quite difficult to maintain alternating 
lamps in service with anything like the amount of attention given 
to direct-current lamps. It is only fair to the alternatinglamps to. 
state that there has been quite a rapid improvement in the lamps^ 
that have appeared recently. 

Another point to which Mr. Damon has called attention is the 
intermittent effect of the light on moving objects, from an alter¬ 
nating arc of low frequency; that is, a moving object will be seen 
as a series of impressions, instead of in the ordinary way. This 
might be somewhat annoying, under certain circumstances. 
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1 understand that the light from an incandescent lamp run 
from a very low frequency current sometimes becomes quite 
painful to the eyes, even though the person does not realize the 
fact that the light is varying. It is my impression that where 
such cases have occurred, the trouble has been overcome by using 
a low-efficiency lamp. One would expect that the same effiect 
would occur to a more marked degree from the lower frequency 
alternating lamps, if these were situated where they were used 
for work requiring close application. 

Mr. Merrill spoke of the power factor of the inductive regu¬ 
lator system as 89 per cent. I would like to ask the ^i^© af 
lilator with which this figure corresponds, that is, if it is a 100 
per cent, regulator, what will be the power factor of a circuit 
with a 10 per cent, regulator. 

Mr. Merrill:— We manufacture a number of sizes of regu¬ 
lators adapted to different uses. For instance, a 100 per cent, 
regulator for 25 lamps would be a 50 per cent, regulator for 50 
lamps, and so on in that proportion. The loss in the regulator 
being constant at all loads, we can maintain that power factor. 
In actual tests, we have obtained 91 per cent. 

Mr. Wait It would appear, then, that the size of the regu¬ 
lator has some influence on the power factor ? 

Mr. Merrill -.—That is, the capacity of the regulator. 

Mr. Wait Yes, that is, the per cent, of the circuit it can 

take care of. . , i t i 

Mr. Merrill ‘.—Our statement is based on one hundred per 

^^Mr. Wait :—Another statement made was that the loss in the 
regulator was constant. We would naturally suppose that the 
hysteresis loss might vary somewhat with different loads. 

' Mr. Merrill :—I believe I made the statement it was an PR 
loss with a small iron loss. 

Mr. Wait Which, of course, would vary a little. 

Mr. Merrill: —Yes. 

Mr. Wait : —Do you know how much that iron loss is ? 

Mr. Merrill : —1 do not. 

Mr. Gborob B. Foster :—Mr. Wait, did I understand you to 
say that you had figured the price of transformers in your propo¬ 
sition number ten ? . , i • 

Mr. Wait: —Yes, the transformers are figured in that; also m 
this one here (indicating.) This is practically the sume thing as 
the Manhattan system. 

Mr. Foster :—I do not see why a transformer in that system 
would be necessary, as you already have the voltage required on 
the primaries. Regarding short-circuit on the line, suggested by 
Mr. Wait, this'will be taken care of by the regulator, which 
would quickly choke the circuit, preventing any more serious 
damage than occurs on the direct system, when operated by an 
automatic series dynamo. 
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Me. "Wait: —I think that in actual practice, where there is 
■a considerable amount of alternating series lighting in conjunc¬ 
tion with a constant'potential alteimating system, it wiJl be found 
■desirable to separate the series system by static transformers or 
some other method, on account of the quite'^frequent occurrence 
of grounds of both high and low resistance on series arc circuits. 
These grounds, while they may or may not shut down parts of 
the system, would be a source of considerable annoyance, and 
even danger, to other parts of the system. As mentioned in the 
description of the tables, the static transformers were put in 
partially on this account and partially from the fact that, as a 
general thing, the usual unit voltage of "series are circuits is higher 
than the primary voltages commonly used in stations, so that 
step-up transformers would quite frequently be required. 

Me. Foster: —In a case of that kind,‘^one large unit would 
he all that would be necessary, and the various circuits 
could be taken from the secondary oi* higher pressure side, each 
circuit to be governed by one of the regulators. 

Me. ■\Fait:—Y es, if you wanted to do that, it would bring the 
transformer cost down. 

Me. Foster: —We are considering the case particularly of a 
station doing arc lighting exclusiv'ely. This is the condition 
most favorable to a direct current system. 

Mb. Wait :—In the conclusion, however, it is stated that if the 
plant is for an arc lighting business alone, the conditions are more 
favorable to the direct current plants. The figures for such an 
arc plant will not vary sufficiently from those in the tables to 
make it worth while to get up another set. 

Mr. Foster :—Mr. Boyer and Mr. Merrill have cited Instances 
of large central stations operating a series of alternating arc lamps. 
The station Mr. Boyer spoke of, at St. Louis, is furnisliiug in the 
neighborhood, I believe, of 3,000 lights, with power and incan¬ 
descent lighting from the same generator for the series arc light¬ 
ing, with minutely divided secondary coils. The regulation is 
accomplished by catting in or out these coils to keep the current 
constant. This regulation is done at present by hand. There is 
no reason, however, why this could not be accomplished auto¬ 
matically. Tlie power factor in a system of this nature would be 
practically constant at all loads, depending upon the arc lamps 
used. With the best Manhattan lamps, I am advised that they 
get a power factor of 90 per cent. Therefore, with an auto¬ 
matic regulator for the transformer, and a good lamp, you could 
maintain a high-power factor at all loads, and have an excellent 
system in every particular. With this regulation at the trans¬ 
former, you will understand there will be no necessity for a reg¬ 
ulator similar to the Manhattan or General Electric type. 

They are using transformers in St. Louis similar to these I 
have just described, without the automatic regulation. These 
transformers were installed and perfected, I believe, previous to 
the introduction of the Hartford and Manhattan systems. 
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Me. Wait: —You will uotice that such a system is somewhat 
iu the nature of a cross between the inductive regulator and 
constant-current transformer systems shown in the tables; that is 
to say, there is a transformer, which, I)y the varying relation of 
primary and secondary, gives the range of voltage desired, while 
the current is maintained constant under steady conditions by the 
inductive resistance of the circuit. 

It is seen that both the constant-current transformer systems 
and the inductive-regulator systems show very good economy, as 
far as everything but the arc itself is concerned. The whole 
question is practically between the direct and alternating arcs. 
It is quite evident tliat a station arrangement like that in St. 
Louis has a great many advantages over any plant where the 
dynamo and engine units have to be subdivided into a great many 
more types and sizes. The question is not one of comparing 
stations, but of entire systems, including the arc itself, and the 
contention is made that for a great many plants the superior effi¬ 
ciency of the direct-current arcs will more than make up for the 
corresponding loss in the station. 

I have had some reports on the relative values of the lamps in 
St. Louis, but they vary so much that it is not worth while to 
mention them. That is, you find some people who will say that 
the alternating lamps give very much better light than the direct- 
current. Another man claims to have made photometric tests 
from which he found that the alternating lamps were not giving 
half the power that the direct-current lamps wmre. 

Me. Fostee: —I don't mean to get into a discussion of the rel¬ 
ative merits^ of the different lamps, but as to the comparative 
systems applicable to the trade. It is a fact, I believe, that the 
great majority of plants, taking small and large together, are 
operating alternating machines.^' It is a fact that a plant can be 
installed with series arc lamps so that the power factor will be 
practically constant, and a very high power factor at that. And 
the lamps as Mr. Merrill says, are quite as simple as the direct- 
current lamps. 

Taking that into consideration, it seems to me that purely from 
the commercial side of the question, it is a better general proposi- 
tion than the installation of separate arc machines for the series 
lighting with an alternating plant for the incandescent lighting. 

I don t believe that anyone wants to question the statement that 
a series system, either alternating or dLect, is preferable to the 
multiple system; that is, putting the regular lamps in mnltiple 
on 110 volts. ' o r r 

Me. Wait:— There is no doubt, whatever, that a station having 
all alternating machinery is better than a mixed one, but the re¬ 
lative amount of light from the arcs should be taken into 
consideration. 

[Adjourned.] 
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Tlie following associate members were transferred to member- 
sbip : 

Approved by Board of Examiners September 8th, 1899 
Cummings C. Chesney, Chief Electrical Engineer, Stanley Electric Mfg Co. 
Pittsfield, Mass. 

Capt. Achilles de Khotinsky, Late Chief Electrician and Torpedo Officer, 
Imperial Russian Navy, Northern Electric Co., 
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The President: —The first business of the evening will be the 
reading of a paper entitled Test of a 3U0-Kilowatt Direct- 
Connected Eailwav Unit at Different Loads/’ by Edward J. 
Willis. Mr. Willis not being here, we will have the pleasure of 
hearing this paper from Prof. Sever who has kindly consented 
to read it for us. 



A paper presented at the 137th Meeting of the 
Arherican Institute of Electrical Enpineers^ 
Nen* York and Chicago^ November 22nd^ iSgg 


TEST OF A 300-XILOWATT DIRECT-CONNECTED 
RAILWAY UNIT AT DIFFERENT LOADS. 


BY EDWARD J. WILLIS. 


The test given below is not offered as presenting any novelties 
either in the manner of the test or in the results attained, but is 
rather given as a reliable instance to be added to the already ac¬ 
cumulated data of this character. It is believed by the writer that 
where it is possible, it is advantageous that the Institute should 
publish reliable data on the water, steam and coal consumption, 
especially of the direct-connected units in actual commercial 
operation. In 1896 the writer designed and there was installed 
under his supervision a steam installation of two 300-kilowatt 
direct-connected railway units for the Richmond Traction Com¬ 
pany. On March 30th, 1897, as superintendent of that road, he 
had opportunity to test the steam, water, coal consumption and 
electrical output of one of these units at different loads and it is 
this data which is listed below. 

Description of Units. 

gQllers.—Owe 300-h.p. Campbell & Zell water tube boiler 
with 3000 sq. feet submerged heating surface. 

Hoover, Owens & Eentschler horizontal 
tandem compound condensing engine, double eccentric, 100 e.p.m. 

QeneratoT, — 300-k.w., 6 pole, steel frame, General Electric 
railway generator. 

Piping .—The piping is practically what is known as standard, 
being an 8-inch spring from boiler to ILinch steam-header and 
6-inch spring from steam-header to throttle. A short 14-inch 
exhaust pipe exhausts through a Hartford heater into a Deane 
jet condenser. 
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344 

325 

65 

453 

91 

1710 

342 

506 

lOT 

137-50 

27.50 

32.22 

6-44 

2750 

550 

1002 

2 CO 

3469 

II & 12 
13 & 14 

15 & 26 
17 & 18 
19 ae 20 

I.I9 P.M. 
1.36 *• 
1.50 “ 
2.05 “ 
2.23 “ 

112 

115 

114 

115 

115 

7 lbs, 

8 “ 

7 “ 

8 “ 

7 “ 

26 

26^A 

2ty, 

26y 

26K 

186 

185 

183 

183 

183 

346 

346 

340 

343 

343 

6s 

65 

65 

65 

65 

97 

100 

97 

98 

98 

360 

380 

4C0 

400 

400 

lOI 

100 

101 

lor 

101 

39 50 
39 00 
40.00 

37-75 

41.50 

8.60 

8.90 

8.37 

8.70 
8.25 

550 

550 

550 

550 

55 ° 

298 

300 

297 

300 

300 

1 


Totals. 

Av’erages . 

! 571 

II4 

37 

1:1 

132K 

26% 

920 

184 

1718 

344 

325 

6s 

490 

,S 

1940 

388 

S04 

101 

197.75 

39 55 

42.82 

8.56 

2750 

550 

1497 

299 

4912 

455 

21 & 22 2.25 P.M. 

23 & 24 i 2.42 “ 

25 * 26 i 2.51 “ 

27 & 28 3.10 “ 

29 & 30 1 3.25 “ 

II3 

100 
US 

113 

ti8 

10 Ibs.f 26^4 

6 “ I 26X 

9 “ : 

8 “ 26^ 

5 “ ‘ 261^ 

*85 

185 

185 

185 

341 

329 

343 

342 

344 

65 

65 

65 

61 

61 

in 

ni 

nr 

nr 

100 

400 

460 

500 

500 

500 

102 

100 

101 

ICO 

rco 

48.75 

48.87 

46.50 
50-37 

49.50 

IT 45 
IT 87 

n 15 

n.oo 

10.60 

550 

550 

550 

550 

550 

400 

400 

400 

395 

393 



Totals. 

Averages... . 

559 

112 

38 1 I 32 J^ 

7 3*5 ; 26K j 

' 1 

925 

i8s 

1699 

340 

317 

63 

544 

ro9 

2360 

472 

503 

lor 

243.99 

48.So 

56 07 

II.21 

2750 

550 

1988 

397 

5141 

575 

31 & 32 

33 * 34 

35 & 36 

37&3S 

39 * 40 . 
41 & 42 ; 
43 *44 ! 
45 * 46 ; 
47 * 48 j 

3.25 P.M. 

3.50 “ 

4.05 “ 
4.20 “■ 

4.35 “ 

4.50 “ 

305 “ 
5-20 “ 
5-35 “ 

1 

no 

no 

no 

loS 

no 

no : 

no : 

no 1 

no 1 

10 lbs, i 
to 1 

lO “ J 

lO “ 1 

ro ‘‘ ' 
to “ ,1 
to “ 1 
to “ i 

0 “ 1 

26 

26 

26 

26 

26 

26 

26 

26 

26 

185 

185 

180 

180 

180 

180 

180 

180 , 1 
180 

1 

340 1 
340 , 

339 : 
339 ; 

340 j 
340 i 
340 ; 
340 , 

340 ; 

1 

61 

61 

61 

61 

61 

61 

6i 

61 

61 

100 

100 

ICO 

100 

103 

103 

102 

102 

102 

520 

540 

560 

580 

580 

580 

580 

580 

580 

101 

lot 

101 

lOI 

101 

lot 

101 

100 

lot 

58.87 

57.00 

55. 

58.87 

5^25 

58.25 
58.50 

60.25 
57.00 

15.05 

14.20 

14-55 

14.07 

14.07 

14.50 

14-57 

14.70 

14.80 

•^SO 

550 

550 

550 

550 

550 

550 

550 

550 

Soo 

500 

SCO 

500 

500 

500 

500 

500 

500 



Totals. 

Ave raises. 

988 

no 

1 

90 1 234 

10 1 26 

1630 

180 

i 

3058 j 549 

340 j 61 

912 

lOl 

5100 

567 

908 5 

lot 

;20.74 1 

57-86 

30.51 

13-39 

4950 

550 

4500 

500 

14486 1 

[690 


CALCULATED RESULTS. 


1 

1 

POWER. 

Evaporation 

Coal Consumed. 

j STEAM. 

EFFICIENCIES. 

i 

! LOAD. 

j 

Indicated h.p. 

Electrical h.p. 

Kilowatts. 

Water per lb. of 
coal (actual). 

Water per lb. of 
CO 1 from and at 
2 I2« F. 

Per indicated 
H.p, hour. 

Per electric 
H.p. hour. 

Per K'.w. 
hour. 

Per indicated 

H p. hour. 

Per electric 

H.p, hour. 

Per K.w, 
hour. 

Indicated h p. 

>er electric h.p. 

^lleLtric H.p per 
indicated h.p. 

Indicated h.p. 
per K.W, 

200 Amperes. 

216 

1 146 

! 

no 

1 1 

10.05 

10.71 

I-45 

2,18 

! 

2.90 

14.8 

21.9 

29.1 

I 48 

1^8 

1.96 

300 “ 

299 

220 

164 

ro.8 

10.75 

1.43 

1-94 

2.60 

15-3 

21 9 

28.1 

r.36 

•74 

1.S2 

400 ‘‘ 

373 

293 

219 

00 

9-53 

1-54 

1.96 

2.63 

13.8 

17-53 

23.46 

1,27 

•79 

1.70 

500 “ 

469 

369 

275 

8.57 

9.18 

1.66 

2.11 

2.83 

14-25 

18.1 

24.3 

1.27 

•79 

1,70 
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These niachines being' standard conunercial articles, members 
ot the Insthutk can readily obtain catalogues, descriptions and 
detailed blue prints, and it is therefore not thought necessary to 
burden this paper with lengthy and minute details and data 
thereon. 


Mktuoi) ok Makin(j Tkst. 

A large water rheostat was provided,"capable of handling the 
full output of the generator, and a Weston ammeter and voltmeter 
were placed u|)on the circuit of the generator. By this means the 
output of tlie generator could he hxed, maintained and measured 
at any desired point. The system of piping "permitted the feed 
pump and (condenser to he 0 [)erated by a separate boiler, so that 
all tlic steam generated by tlie boiler passed through tiie engine. 
All valves were tested and made tight. A Wortliington hot- 
water meter was thoroughly overhauled before tlie test and was 
accurately tested before ami after the rum The water and steam 
consumptions arc those givcm by this meter. Tlie coal lired during 
the test was Poi'.aliontas run of mine, giving probably 13,000 n.T.u. 
Draught at grate during rim five-eighths of an inch. Indicator 
cards wcu’c taken as nearly evtu'y lifteen minutes as possible oif 
both ends of each cylinder and also simultaneous readings of 
coal, water, (slectri(*.a! output and the other items mentioned in 
the table. Sample' (*ards art', sliown Indow. The object was to 
<letermine the sh'am, wat(*r, coal consumption and indiitated 
liorsi^powm* of tliis unit at iliiTmamt loads. The load was as 
follows: For oiui lu'C.r at. 'JOO amperes, the m^xt hour at 3>()0 
ampiua^s, the m^xt liour at -lOO ampin'i's, tlu^ next hour at 500 
amporcB, ami it was iuhmdisl to place the load the next hour at 
f)00 iimpert's, hut umler such steady load the nuu'hine hcKtauu^ 
too warm and iustiwl the loa<l was contimu'd for two hours at 
500 ampm^es. 

R KM ARKS. 

It is regretted that tlH3 point of load couhl not he carriixl 
liigher, hut it is to ha rennemhesred that railway generators are 
usually designed for fluctuating loads and that such steady load¬ 
ing as given in this test is likely to cause considerable luiating. 
It is further unfortunate for the sake of accuracy that on account 
of the need of the generator for the operation of the load, the 
•duration of each test could not have been made greater, 
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Bince the deteriniiuition of coal and water consumption for such 
short periods of time are almost always attended with uiiavoid- 
ahle ina(‘curacies. The water rheostat was composed of two- 
sheets of boiler plate 5'x<)' each. J>y means of soda the conduc¬ 
tivity of the li(juid was broni>;ht to tlie desired point. With 
lig'ht loads and before the water commenced boiling conipletelyj 
there was some flnctuating in ani])erag’e, but after the water got 
to boiling thorougddy, the load could he maintained perfectly 
sbiady. At 5()U ami>eres there was about 15 s(jnare feet of each plate 
sul)merged. Tlu‘ waber evaporated by the boiling was replaced 
by a hose (anine(Uion and the water level in the rheostat tank 
thereby maintained consta.nt. The writei* would state that in his 
(yxp(u*ien(a‘ with rheostats of any sizc^, if a steady load is required, 
it is b(dit(‘r to led: the wateu- (tonu' to a boil and the plates remain 
shaidy, replacing the (waporatcal watcu* with a running connec¬ 
tion, than to atU‘in|)t the (miitinual raising and lowering of the 

phiti^s. 

ddiis t(‘st. was mad(i l.o ('.onlirm th(‘, winter’s opinion that it was 
advisable with railway units ca,rrying flmdaiating loads to install 
a doubl(‘ (aaamtiT' under'-sizi^.d engiinn and that bettcu* running 
economy (*ould thertiby lx* obtained than by the installation of 
the usual largm* a,ml more expcnisivu* engine. It will be noticed 
tlmt th(‘ (uigiiu*. ga,v(^ its b(*st steam economy at about 400 
ampenjs, and as tlx* a.V(U*n.ge- load on tins (sngine is lower than 
this, tlu^ wisdom of tlui installation for this phint ol so small an 
engim^ for the 300 kilowatt units is plainly shown. 
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i)lS(UuSSl(>N. 

The President:— The paper before the Lns'iituik is a hrit'f 
siiimnary, as you have heard, of a test of a ;hH)d<ilowiitt dircct- 
eonnected railway unit, eorruaeiiein|j^ witli tlu‘ steam eousumptioii 
and terminating with the output at generator tenniuaJs. d’he 
time was when the dynamo was a thing very <listant from the 
engine; many feet perhaps of countershafting and belting 
separated the two. As the dytiatno got l)iggor and mon* pre- 
teiitiouB, the belting and the countershafting shortened, and 
now with the dynamo at the sizc^ we find it in c<unmon practice, 
the distance between the two lias bo far diminislu*d that the two 
form parts of one whole machine, ami it is lawoming more im¬ 
portant to study tlie unit ami tlie machine as a whoki. The 
paper is therefore interesting from that standpoint ami a distnig- 
sion of the paper is now in order. 

Mr. Gko. F. yEVKR:— 1 would say in connection with this 
paper, that it secmB as if a very important fcaiture had heon 
■omitted from the tCsSt, and that is the temperature of tlu» ilvnamo 
during the run. I fail to see a record of it in the tahk^ It 
seems to mo that this h^ature is just as important and perhaps 
more so than almost any other of*the items inelmkcl in tlm tahka 
I think, that in presenting this matter to tin* Institute as a 
record, 8U(*.Ii an important measununent as tmuperature 
ought to he stated. 

Mr. Willis: |"(lommunieated| The timipemture of the 
dynamo during tlu*. run woukl have been given, had md the 
thermometm’ used for this purpose been nccidtmtallv hrnken at 
the eiid of the second run, and the location of tin* plant riuider- 
ed it impossible to n‘t>lace it in time for the test. 

Mm (iEo. Hill:— In first glancing over the tahk* it appeared 
that in thc^ section Jahelkul (aikudahul residts"' that an t‘rror 
had keen made. Further (uxaminatioii shows that the results as 
stated an^ substantially <*orr(‘ct. d‘he points whhdi M»em fo he 
brought out by the pafier an*: 

Ist—That in all (lireet-eonm‘<d;(sl work where the load carried 
by thi) gemu'ator violently tlmduates, it is iwunomy to design the 
engine so that it can sabdy develop the maximum horm* power 
witli a late cut-oIT, the engine <‘utting olT at about a quarter strike 
for ironi jd) to 70 per emit, of rahal capacifv. 

2nd,—The generator has rather a Hat efliciencv curve, !mt is 
certainly not generously proportiomai if, as tlie'author states, 
it became too warm after running for an hour at 500 amperes, 
under lluctuating Ioa<l this perhaps is no objection, if the saving 
Jii material carnes with it^a saving in price’ Imt as ladween two 
generators of the same price it would he a (lisadvantage, 
t u While it is ocmnoiny to use an engim^ of less rated 
capacity than the generator woukl ordinarily ikmiaiul for coil 
fitant load, it w not economy to use the boiler of tlui same rated 
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horse-power as the engine, the efficiency of the boiler when 
beyond its rated capacity showing a noticeable falling off. It 
may not be amiss to call attention to the fact that the setting of 
the valve of the low pressure cjdinder as shown by the indicator 
cards is bad, the cut-off being much earlier at the right hand end 
than at the left hand end in each case. 

^ Mr. Willis : [Communicated.] The generator had been run¬ 
ning continuously just previous to the testing and was comfort¬ 
ably warm when the test was started which had something to do 
with the fact of its heating up as stated. The writer has little 
doubt that the generator would have stood the higher load, but 
preferred to err on the safe side and not submit the generator to 
unnecessary ternperatui'es. 

Mr. Hill is paificularly correct in his remarks about the boiler 
capacity not being sufficient. The marked falling off of the 
efficiency of the boilers at heavy loads, to which Mr. Hill very 
thoughtfully calls attention, w^as due to a number of the baffle 
bricks having fallen in. This did not show at the lower loads, 
but caused the high draft flue temperature and low evaporation 
shown in the^test for the higher loads. The test led to a very 
careful^ examination of the boilers for such troubles, which re¬ 
sulted in a thorough renewal of both bridge and baffle avails. 
After these repairs the boilers showed up' considerably better 
when heavily loaded. 

Mr. C. O- Mailloux :—I think it would be desirable in 
future in tabulating results of this kind to include the friction 
tests of the engine, so that one might have a clue as to the me¬ 
chanical efficiency of the engine itself. I am led to this state¬ 
ment by noticing* the last column of the calculated results which 
give indicated horse power per kilowatt. Of course here we are 
dealing with a quantity which has no reference whatever to the 
coal consumption. It is purely a ratio of the amount of in¬ 
dicated horse-power to the net electrical output, in kilowatts. 
How it would seem that for an engine of that size the values 
ought to be very much lower, if the engine or the dynamo did 
not have excessive friction. I have always made it a practice in 
making tests of this kind to notice the indicated horse-power per 
kilowatt, because it is a quantity that is really of great interest, 
since it takes into account not only the efficiency of the dynamo 
but that of the engine as well, and an engine which would have 
a very low friction load would of course materially help the 
efficiency of the unit as a whole. In a unit of this size I would 
not expect to And a value higher than about 150 or 155. I find 
that in a well-arranged, direct-connected unit even at small sizes, 
from 50 to 150 or 250 k. w. —it very seldom exceeds 1.6 at full 
load. In this case even at 500 amperes, which is considered 
very nearly full load, it was still 1.7., which, it seems to me, is a 
very high figure for a unit of this size. One might expect such 
a value as that with a dynamo of 25 x. w. direct-connected, but 
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scarcely with one of 300 k. w. For this reason, it would have 
been interesting to give the friction cards showing the friction 
load of the engine with brushes on and with briishes off, so 
that one might have some clue as to where some of this energy 
has been lost, and over what portions of the generating set it is 
distributed. 

Me. E. J. Willis [Communicated.] : Mr. Mailloux is 
correct in his statement that the indicated horse-power 
per K. w., as given in the teat, is high. As stated in the 
paper the author has not offered the paper as one show¬ 
ing especially high economy, but as pne giving reliable results 
obtained under usual running conditions. The friction load of 
engine with brushes down was 51 horse-power. The friction 
load with brushes up was not determined. 

The Pebsident: —Is there any further discussion of this 
paper? If not, we will pass to 'the second item on the pro¬ 
gramme fur the evening, which is a topical discussion on the 
“Possibilities of Wireless Telegraphy,” and we will call upon 
Prof; Fessenden to open that discussion. 



^4 Topical Discussioti at the ijyth Meeting of 
the American Institute of Electrical En¬ 
gineers^ New Yorky November 22jid, iSgq^ 
President Kennelly in the Chair^ Chicago^ 
Local Honorary Secretary Pierce in the Chair 


i' :ii: 



THE POSSIBILITIES OF WIRELESS TELEGRAPHY. 

[A Topical Disoussiok.J 

Prop. Reginald A. Fessenden Whilst there are many 
advantages in living in a city in which there is a_widespread 
and intelligent interest taken in scientific work, there is this disad¬ 
vantage, that when any discovery of a striking nature is made, the 
professor’s friends and the directors of the institution he is con¬ 
nected with expect him to immediately lay aside his own work; 
work which he may personally consider of much greater im¬ 
portance than the novelty of the hour, and to assist in the devel¬ 
opment of the new discovery. 

Having thus been forced, some years ago, into X-ray work, witli 
much loss of time and very little results to show for it, I considered 
myself proof against the seductions of liquid air and wireless 
telegraphy. Consequently when, having suggested to one of 
the editors of the iveia Xorh HerOild that they report the in¬ 
ternational yacht race by the new method, 1 was invited by 
them in December, 1898, to undertake the work myself, ! de¬ 
clined and put them in communication with Signor Marconi. 

It was found later, however, that there were some exceedingly 
interesting questions, which had not been solved, ip this connec¬ 
tion In none of the work hitherto done had any exact measure¬ 
ments of the quantities involved been made. Consequently 
many points were still in doubt. The theory of electromagnetic 
wavL^ had been well and thoroughly covered by Heavnside. 
But if the theory, as put forward by him, is correct, it is 
extremely difficult to account for Marconi’slaw, that the distance 
of transmission, other things being equal, varied as the product 
of the heights of the sending and receiving wires. And yet the 
great experimental ability shown by Signor Marconi _m his ad¬ 
mirable work rendered it necessary to suppose that in forming 
our theory we had omitted some consideration which, known to 

Marconi and his assiBtant8,_were as yet unknown to us. 

Unfortunately the receiver in general use, t. e, the colierei, 
is very ill adapted to quantitative measurements. A simple and 
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very sensitive form of receiver Laving Laving suggested itself, a 
few experiments were made in June, but the matter would have 
been dropped had it not been that my former assistant and present 
colleague, Professor Kintner, with the greatest of kindness 
offered to help me, and with the aid of his invalual)le con¬ 
structive and experimental ability, it has been found that it will 
be possible to carry the work to a successful conclusion, though 
as yet but a few of the points which it is proposed to investigate 
have been covered, and these not as yet fully. 

As we Lave already Lad one paper this evening and there are 
some other speakers to follow, I will only touch on one or two 
points which may be of interest, and on them as briefly as pos¬ 
sible. I shall leave the discussion'of the question of long dis¬ 
tances to others, and shall give, as my contribution to the dis¬ 
cussion, an account of the first quantitative measurements which 
have been made in this line, and some of the results obtained. 

I will first show a model which is supposed to represent the 
form of the waves which are concerned in the phenomena, so 
far as we can tell from the latest theories, (or rather from the 
theories on the subject, because some of them are not of recent 
date, Heaviside showed a number of years ago what the general 
shape of these waves ought to be.) I will then show and describe 
some forms of receivers which I have designed, and which have 
shown themselves especially valuable for making quantitative 
measurements. Of course MarconPs apparatus is peculiarly 
adapted for practical work; but it is not so well adapted for 
giving exact measurements of the amount of energy or voltage. 
Moreover, it is not nearly so sensitive as the receivers I shall 
show. I will then state briefly how my own experiments have 
agreed with the theory and take up one or two practical points 
which have developed in the working. 

The piece of wire and pasteboard here shown [Fig. 1,] is sup¬ 
posed to represent the waves : a is supposed to be the sending 
apparatus; the pole which is connected to the induction coil. 
When the break of the induction coil occurs the vertical con¬ 
ductor is charged, and the electrostatic lines, according to 
Heaviside, come out and strike the ground at b. I donT re¬ 
member exactly into what detail Ideaviside goes. He gives the 
general shape of it. The electrostatic waves come out all around, 
of course; this model being merely a slice out of the wave front. 
The model represents the condition of affairs when, after some 
waves have been emitted, the tension is a maximum. As soon as 
the spark passes between the two terminals of the induction coil 
there is a conducting path formed through the heated air to 
ground. The ends of the lines can now slide down the conduct¬ 
ing wire to ground and form a sort of a half hoop, as shown at 
0 ,—and travel outward. The whole thing, for a cylinder, is 
worked out in Prof. J. J. Thomson’s supplement to Maxwell. 
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As it goes out, as you will see from Fig. 1, the rear euds of the 
half hoops bend more and more in, as at d, until finally when 
you get some distance away from the exciting source the fronts 
and backs of the waves are parallel to one another; and form 
parts of concentric spheres whose center is the originating 
point A. 

This kind of wave was first experimented with by Lodge, so 
far as I know. It differs from a true light wave in this^ 
that the two ends of the wave slide over the conductor. If 
you can imagine the pasteboard strip, e, a mirror, and suppose 
that the other half of the w'ave was underneath it at x, as if it 
were its reflection in the mirror, you then get the full wave, 
such as you get from light, or from the regular Hertz oscillator. 
But, as I say, this differs from it, in that the ends of the electro¬ 
static lines slide along the surface of the conductor as they go 


n 



Fig. 1. 


out. The wave-length is approximately four times the height 
of the exciting pole. The model is made to scale. The wave¬ 
length from F to G being four times the height of a. Conse¬ 
quently, if you double the height of your pole you double the 
length"of the waves. 

K. L, represent the electrostatic lines, m. n. represent the 
magnetic lines, sticking out at alternate ends, to indicate their 
direction. When a wave in going along .strikes a conductor, 
such for instance as the wire f, the magnetic lines cut it and in 
cutting it they create a voltage in it. This voltage, incapable of 
beiiio* supported in the conductor itself, concentrates itself down 
at tlm bottom of the pole across the gap of Marconi s receiver 
and sparks across, reducing the silver sulphide or oxide, and 
when the current has once passed, the insulation being de¬ 
stroyed, the relay works. The periodicity of these waves is 
pretty high. Traveling at the same velocity as light, we find that 
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if we have a 150-foot pole the periodicity^ comes out about three 
millions per second. If we take a pole such as would be used to 
send signals across the ocean, a thousand feet high, we find that 
the periodicity is 400,000 per second. 

Another point in which these waves have a great advantage 
over the ordinary light waves is that they follow the surface of 
the conductor. If, for instance, we have a hill, the waves slide 
up and over that hill. It is forthis reason that I think w^e can never 
hope to obtain anything from direct Hertz waves, thrown by a 
refl^ector, because those will not work that way ; they go straight 
out, and the only chance that they have is through striking the 
water and being cut off or reflected a little bit and then sliding 
along in the same way as the Lodge waves. 

Since these waves travel over the surfaces, the surface must 
be a conductor, and this naturally has considerable to do with 
the strength of the waves received. On land, the waves are 
frittered out very much more quickly than they are on water. 
For sea water and land the proportion seems to be about three 
to one, so far as one can judge fronn Mr. Marconi’s experiments. 
I have made none myself as yet. But 1 have noticed that there 
is a tremendous difference on land on different days. On a muggy 
day you get perhaps five to ten times the throw of the receiver 
that you will on a dry day. Ice does not seem to make much 
difference, so far as we can tell; possibly for the reason that in 
that case the wave goes right down to the warm ground under¬ 
neath the surface and travels along there, and of course the ice 
being of very high specific inductive capacity it would not hurt 
matters very much. 

It is interesting to calculate what the effect of distance ought 
to be. In the present case you see that at twice the distance 
you have the same number of lines on the wave front; but 
in order to get the whole wave front, your pole has got to be 
twice as high. In other words, to get the same voltage piled up 
on the receiving conductor over at p you must have a pole just 
twice as high as it has to be at c. "Or, for a given height of 
pole the voltage available decreases directly as the distance, and 
with a receiver like Marconi’s which depends mostly on the 
voltage—the coherer would have to he twice as sensitive to work 
at twice the distance, the pole being of the same height, or in other 
words at double the distance a gi^en coherer should be worked 
with double the spark-length at the sending end. The energy, 
however, is only a quarter as much for a given height of pole. 
At the receiving end, if you double the height of the pole you 
would get double the voltage on it. At the sending end, if you 
double the height of the pole and at the mme time dorMe the 
length of the sjpark^ then you will get a wave exactly the same, 
except that all its linear dimensions are doubled, and you will 
get double the voltage at the far end. So that theory indicates 
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that Marconi’s rule should be modified to this : “If you double 
the height of the receiving pole and at the same time double the 
height of the sending pole and also double the length of the 
•spark, the distance at which you can receive should be four 
times as great.” I cannot find that Marconi’s rule ought to hold 
unless you also doiMe the 'voltage of the sparh^ because the 
effect of doubling the height of the sending wire ought not 
theoretically to have nearly as much effect as doubling the 
height of the receiving wire.^ 

The energy, however, comes out somewhat differently. If you 
double the height of the pole at the far end, you get double the 
voltage. If you double the height of the pole here, and at the same 
time double the voltage, you will get four times the energy near the 
origin in a given slice. But if your receiving pole is over at p 
and the magnetic lines come along and strike it, the conductor 
gathers in a certain fraction of the width of the wave and this 
fraction is approximately, as near as I can figure it, about one- 
seventh of the wave length, the amount of energy that the con¬ 
ductor scoops out of the wave front depending on the length of 
the wave itself. Consequently, when you double the height of 
the sending pole and double the wave length you scoop out a 
bigger area, twice as much, doubling the energy, but not the 
voltage received. Take your receiving pole, its height here 
gives you voltage. Then lay your sending pole crosswise, like 
this, so as to get a rectangle ; the product of these two is propor¬ 
tional to the total amount of enei^gy per wave. If at the same 
time you have doubled your voltage you would get eight 
times the energy, but you only have half as many waves per 
second.. So that using a receiver which works by energy 
and not by voltage, the distance to be sent ought to vary as the 
product of the heights of the poles if the spark-length is propor¬ 
tional to the height of the sending pole. 

I will now describe some of the instruments that I have made. 
The first instrument is shown in Fig. 2. It is heavier tlian nec¬ 
essary, but is nevertheless quite sensitive. The ring a is a bit of 
ISTo. 26 wire hung on a quartz fibre with a mirror m attached. 
B is the collecting wire. The magnetic lines strike this and 
make a voltage, and the resultant current goes around this coil 
c, around through the coil n and then to ground. The closed 
ring is at 45° to the coils c and n. The principle on w^hich 
it works was first discovered by Elihu Thomson. The 
current coming in through o and n makes an alternat- 


1. At the close of the discussion, one of the ofiBcers who was engaged on the 
recent tests of the Marconi system for the Navy here, informed me that this 
was the case, %. that it was found in practice that if two vessels had wires of 
different lengths, communication should be carried over a longer distance 
when the vessel with the higher pole was the receiver than when it was the 
■sender. This is a very satisfactory corroboration of the theory. 
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ing current field. That alternating current field sets up a 
voltage in the ring a. The voltage in the ring makes a current 
in the ring, and the current in the ring reacts on the original 
magnetic field. The consequence is that the ring tends to turn. 
It is a very nice galvanometer to work with. You have a quartz 
fibre. Your zero always stays the same. There is nothing 
magnetic about it. For the best results it should be connected with 
a condenser right across it. Of course, the reason of that is ob¬ 
vious. ^ You generate a voltage in it, and if you have got a con¬ 
denser as at F, then for a given voltage you can get a consider 
able current in the coils, that current simply depending on the 
resistance of the coils, and you do not fritter any energy away 
in current up and down in the receiving wire; whereas if you 


-B 



Pig. 2. 




Fig. 4. 


put a condenser in series with the instrument, your whole current 
flows through the receiving wire, tapering off, of course, as it 
goes up, and you lose a great deal of energy in resistance. This 
is the first and simplest form, and is the form that is used 
mostly. It works very nicely. 

^ Fig. 3 is a form which I have tried a little but have not had 
time to work^ out very thoroughly: a is a little block with 
silver wire on it, b is a v-shaped piece of carbon, c is another 
block with wire on it. n is a closed silver ring which is laid 
right on top of a, b and c, so that it almost balances on a and o.. 
F is the collecting wire and the current comes down from the 
pole and goes through the coil x as before, and out again to ’ 
ground, with a condenser across x as before. You put this ring 
D on so that it lightly rests on the microphonic contact b. t is.a 
source of a. o. voltage, very low, and ii is a telephone. “When 
the current passes through the coil x, it presses the ring down 
and the previous slight noise in the telephone is made louder,, 
and on the duration of loud noise depends whether the signal is. 
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a dot or a dash. This seems to be pretty nearly as sensitive as 
this other instrunaent here. 

The tliird instrument which is more sensitive still, hut which 

1 have not had time to work very much on, is shown in Fig. 4. 
This looks, at tirst, a little like a single-phase motor, a is a wire 
ring made in a figure 8 form, b is a piece of iron wire bent 
into the shape shown. Asa matter of fact, in the instrument 
made, this wire went tliree or four times through a. f is the 
collecting wire. The magnetic flux is linked with a part of the 
ring, and the ring itself has one edge in the magnetic field. The 
result is, a voltage is induced in the ring, and the current flowing 
around in the ring acts on the air-gap flux and the ring tends to 
twist. It is quite sensitive. 

So far as the results obtained, I would say that they seem 
fairly well to agree with the theory, but as yet not so well as I 
could have hoped. For instance, doubling the spark-length, 
you ought to get four times the deflection; whereas I did not 
get that, though, perhaps, this was due to a weaker stream of 
sparks. Here is a record of one set of observations made:— 

When the spark-length was 40, the deflection w^as 60. 

When the spark-length was 32, the deflection was 62. 

When the spark-length was 24, the deflection was 33. 

When the spark-length was 21, the deflection was 30. 

When the spark-length was 13, the deflection was 10. 

When the spark-length was 9, the deflection was 6. 

When the spark-length was 5, the deflection was 3. 

And so on down. The deflection does not quite vary as the 
square of the spark length, and it ought to. 

The time during which the spark stream is made, seems to 
influence the deflection very nearly as it ought to. For instance, 
one result was: Time during which the spark was occurring, 

2 seconds, deflection was 20. Time 10 seconds, deflection 94. 

The results obtained are merely preliminary, and before 

giving them in detail, I want to repeat them under better 
conditions. To get accurate results you must have a 
good ground. You must go for the best results to 
some place near salt water. The ground seems to depend 
a good deal on the state of the weather, as I say. Some¬ 
times running a wire direct from one station to the other will 
not improve the ground more than 20 or 30 per cent. At other 
times, the ground will go away back on you. And it does not 
seem to depend on contacts, because all the contacts made were 
amalgamated with mercury. 

The results are not always consistent. Sometimes you get 
five results the same. Then suddenly, owing to something in 
the sparks you will get a kick five or ten times as big. One 
curious thing I might mention was that we got some very hard 
kicks while we were working. Finally we traced the cause up 
to the fact that about three or four hundred yards away there 
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was an electric street railroad, and as a car went around a certain 
corner there was an arc owing to the trolley sparking over a con¬ 
tact. Ever time that arc occurred we got a tremendous kick. 
The trolley itself seems to act as a sending pole. 

The following are the points which have been or will be in¬ 
vestigated : 

1. Effect of change of spark-length. 

2. Effect of different kinds of break. 

3. Effect of condensers in sending wire, in shunt to air-gap. 

4. “ in series. 

with receiving wire. 

6. “ “ in shunt to receiver. 

Y. varying capacity of sending wire. 

5. “ ^ “ receiving wire. 

^ “ heights of sending and receiving wires. 

10. Efficiency of different portions of sending and receiving 
wires. 

11. Efficiency of different kinds of grounds, especially of what 
may be called the crow-foot ground. 

12. Efficiency of different forms of receivers. 

Some work has been done in nearly all of these lines, but it 
has been found necessary to turn all our attention to the ques¬ 
tion of a reliable ground, and when this is settled we shall re¬ 
turn to the other questions. 

^ I have to express my sincere thanks to Professor Kintner for • 
his invaluable assistance, without which it would have been 
impossible for me to have taken up the subject. 

W. J. Claek :—I don’t know that I have very much to 
say this evening on the subject of wireless telegraphy after lis¬ 
tening to the very interesting account of Prof. Eessenden’s ex¬ 
periments. Perhaps the best thing I can do is to give you my 
experience. I suppose you all know that during the yacht races 
I had the pleasui’e of being associated with Mr. Marconi in re- 
porting the races for the New Yorh Herald, During that time 
Mr. Marconi had a receiver on the flighlands at Navesink con¬ 
nected with a wire about 115 feet in height. He also had a 
receiver on the cable boat Mackay-Bennett connected to a wire 
I think about 115 feet in height. I had a transmitter and re¬ 
ceiver on the Grand Duchesse^ 115 feet of wire, and a Thomson 
induction coil for my transmitter. I used the f in. balls which 
are always furnished with the Thomson Eoentgen ray apparatus, 
for my oscillator. The balls were in very bad shape. They had 
been used for a long time without either being cleaned or pol- 
ished, and in spite of this fact we had no trouble whatever in 
sending the signals in to the cable boat and also in to- 
!Navesink station. Mr. Marconi was on the Ponce^ and had no 
trouble whatever in reading our signals. I have constructed 
two different styles of receivers. One is si! very expensive in¬ 
strument, provided with a great many adjustments for con- 
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Yenience. Another is a smaller instrument intended principally 
for demonstration work. 1 made a test with my expensive in* 
strument, and then with the other one, and I found that the 
simpler instrument gave me much better results over the long 
distance, and some days I was receiving from Mr. Marconi at 
the rate of between 10 and 15 words per minute from a distance 
of fifteen miles. I have noticed one thing in experimenting; 
that it is necessary to have the capacity of the two vertical wires 
equal as nearly as possible. During the recent electrical ex¬ 
hibition I was asked to send the (Governor’s message from the 
Pulitzer Building to Madison Square Garden. I was only given 
about one or two days at the outside to get ready, and of course 
that meant a great deal of work in a very short time. We 
placed about 260 feet of wire on the Pulitzer iBuilding and about 
the same amount on Madison Square Garden, placing the trans¬ 
mitter in the Pulitzer Building, and the receiver at the Garden. 
We found it impossible to get any results whatever. We could 
not get the slightest sound from our receiver, although it 
was a very sensitive instrument, and the transmitter was a 
very powerful one. Our wire was rubber covered, and thor¬ 
oughly insulated from each building. The way we insulated 
these wires was by hanging them from a rod of hard rubber 
about two feet in length and about an inch in diameter. We 
used a large rubber rod in order that it might be able to resist 
the strain upon it. At the lower end of the wire we used a 
similar rod,and then took a tap from our wire and led it in through 
a window on whichever floor we happened to have our instru¬ 
ment. After the exhibition was over, I made a test between 
Madison Square Garden and our laboratory, which is not over a 
block and a half distant. Using about 260 feet of wire on the 
Garden and about 60 feet at the laboratory, I could get no re¬ 
sults whatever, no matter which end I placed the transmitter 
on, and I was rather puzzled. I found, however, in conducting 
some other experiments on the bay, and also in the city, that it 
was absolutely necessary to have the two wires of about the 
same capacity. We have been able to transmit altogether, aside 
from what we did at the yacht races, to a distance of about seven 
miles, and our signals were very clear, indeed. However, I 
must accord to Mr. Marconi the credit of having by far the best 
apparatus, better than any I have seen in America, including my 
own. His receiver is extremely non-sensitive. The receiver 
which Mr. Marconi was using at the races was a receiver which^ 
under ordinary conditions, that is, under the conditions under 
which I have experimented, would not receive a message from 
my transmitter at a distance of more than a mile. Now, Mr. 
Marconi tells me, at least he hints to me, that the way he accom¬ 
plishes this result is by measuring the capacity of each wire, and 
having them precisely alike. 

I have recognized for a long time that the coherer was a very 
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troublesome piece of apparatus, and that it was something which 
we should try to get away from as much as possible. Consequently, 
I have been experimenting for some little time on a new kind of 
receiver. I should have said that when Mr. Marconi was here, 
although his instrument was receiving from his own transmitter 
at the rate of but from 18 to 22 words per minute, he said to me 
that he thought his receiver had about reached the limit of the 
transmitting operators speed. I would have liked to have the 
opportunity of trying to transmit to his receiver using our Ameri- 
oan Morse code, but that unfortunately was impossible, because 
Mr. Marconi’s assistant could not decipher that code. Now, I 
I have found that by using a new arrangement in the receiver 
and doing away with the coherer entirely, that we are able to 
transmit at a very much greater speed; in fact, that we are able 
to transmit as fast as we can operate the key. I have only ex¬ 
perimented with this very recently, only during the last few 
days; that is, I have only brought it to a state anywhere near 
perfection during the last few days. 

Another peculiarity I have observed is this: that in the trans¬ 
mitter we get the best results by far, when the secondary of our 
coil is wound with the finest possible wire. You know when the 
X-rays first came out, everybody said that we must wind our 
secondaries with a much coarser wire than they were wound 
with before. The consequence was that nearly everybody was 
provided with induction coils with coarse secondaries, giving 
apparently a heavy spark. Of course we all experimented with 
those coils because they were convenient; but I happened to have 
access to one of the old style coils with very fine wire on the 
secondary. No. 40,1 think, and I found the results were very 
much superior to what I was able to get with the coils wound 
with a heavy secondary, although the coil with the fine secondary 
was a very much smaller one, very much shorter spark-length 
than the coil with the coarse secondary. I think from this, 
that there are indications of the fact that the balls of the oscilla¬ 
tor are not necessary at all. You will remember that when Mr. 
Marconi first began to experiment, he used balls of four inches 
in diameter, and stated in some of his publications at that time 
that the larger the balls to a certain extent, the better the result. 
Now for 110 miles transmission he is using balls one inch in 
diameter, and if I had my apparatus here to-night, I could show 
you that it is quite possible to transmit signals across this room 
with the balls so far separated that you do not get any discharge 
at all, and I could also prove to you conclusively that waves did 
not emanate from the spark at the interrupter. I think from all 
this, as [ said before, that the indications are that we will get 
along without the balls at all or without any spark. When Mr. 
Marconi was here he had the kindness to visit our laboratory 
and I was showing him one of our small outfits and showing him 
how it would operate by opening a motor switch on the wall 
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■witli 220 volts and a very small current, and Mr. Marconi ex¬ 
pressed his very great surprise that a spark of that kind would 
work any receiver, because he claimed it was not a static 
spark. 

Another thing I have noticed is this, that for instance if we 
have a receiver on this table, and a transmitter on the other 
table, a very small one, say giving a half-inch spark, if we separ¬ 
ate the balls to the full distance of one-half inch, we will not get 
anything like as good results as if we bring them to about one- 
sixteenth of an inch, and in a five-mile transmission I have found 
much better results from a spark half an inch in length than 
from one inch in length; but in each case I was using a coil of 
10-inch spark length, so that the distance of the balls from each 
other would not interfere with the continuity of the spark. 

^ I do not know that i have anything further to say; but before 
sitting down I would like to ask Prof. Fessenden what kind of 
spark he has been using in his experiments and what difference 
he has found, if any, between the heavy spark and the light 
spark, 80 to speak. * 

Prof. F rshkndkn: —I used an ordinary induction coil for the 
work. Part of the time I used it with the ordinary break, and 
part of the time with a Welmelt break. 1 did not find very much 
difference between the twm. I found a one one-hundredth of 
an inch spark to work very well atabout 200 yards with 15 ft. poles, 
and it did not seem to make very much difference what the kind 
of spark was. 1 did notice howmver that when we got a flaming 
spark, the results were not (piite so good. There is always a little 
risk in making experiments with the sender too near the receiving 
instrument, because electro-magnetic ^effects are apt to come in. 
I noticed this when working at first from one end of the labora¬ 
tory to the other, The core of the induction coil, I found, would 
make sufficient stray magnetism to work the thing. 

I will say, as regards the sensitiveness of this particular instru¬ 
ment, that it would seem as if a mechanical device ought to 
be better than the coherer, for this reason—we can make a 
galvanometer which will work with a current of about l0“^^am- 
peres and a resistance of about lUO ohms or less. That makes 
about watts or ergs per second. I do not think that 

you can make a coherer work much under a fraction of a volt. 
*What is the smallest that you have succeeded with, Mr. Clark? 

Mk. Clark: —I have not experimented in that line at all. 

Prof, Fksskndkn: —I do not think you can make it to work 
very much under a volt; that is of excessive voltage above the 
regular voltage of the battery, and in that case, roughly taking 
the quantity of electricity as equal to the smallest amount possi¬ 
ble, that is to say, enough to charge it electrostatically, which 
would make its capacity about unity, we find you would get 
about five millionths of an erg. Now reducing ten seconds period 
down to a tenth of a second, you find the galvanometer should 
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be about ten thousand times as sensitive. Of eonrse you won't 
get this; but it seems to show there is some hope that way^ 

Db. M. L Pitpin: —I would like to ask Mr. C^ark why he did 
not clean the balls. When he said he worked with dirty balls, it 
seemed to me it was a very small matter to clean the balls. Why 
didn’t he clean them ^ Was it on purpose or accidentally? 

Mb. —I did not cleati them because Mr. Man^oni said 

to me thathe found better results at the present time with rough 
balls than with smooth ones, and that rather tended to confirm 
the results of some of my own ex]>erimentH. 

If I may be permitted 1 would like to ask one more (piestion. 
I do not profess to he a theoretical man. I am working entirely 
on practical lines, and perhaps some of you this evening, perhaps 
Prof. Fessenden, can set me straight on one or two points. Prof. 
Fessenden mentioned that he v;as able to get tra-nsmission a(*T 08 S 
the room by means of the core of the coil. My (|uestion to him 
may not seem a very bright one, and if so I ask it in ignorance. 
Why is it then that if we take a very powerful magnet and bring 
it in the neighborhood of the <^ohcrer and movci it {iround all 
that we please, we cannot affect the coherer in any way. 

Prof. Ffsskndbn:—I think that the reasem of that "would bo 
that when tlie interrupter breaks the cinmit the iron demagne¬ 
tizes in about tlie ten-thousandth ])art of a second, or something 
of that sort, and you would have to agitate yourself very vigor¬ 
ously in order to get equal results. 

Dk. Pupin:—W hat was the spark-length that Mr. Marconi 
had ? 

Mb. Clark:—O ne inch—about two (umtinudux's. 

Mb,. F. V. IIknsiiaw:— I would like to he (Uilightcned a little 
bit on the S[)ark*gap (piestion. I bad an impr(\ssion that wo bad 
some goad rules to go by in regard to projier height of polo and 
length of spark-gaps, etc.; that if you wish to transmit a long 
way, you should have a long spark, and if you want to transmit 
a slu^rt way, you should have a short spark. Now it appears 
that the length of the s|)ark dot^sn’t niakc^ any dilToronce, and 
later on we learn that wc vmi do it all right with no spa,rk at all. 

^ 1. Note B. Tlio original instnuiHint (U'scomIkmI (-.an 1><‘ for njcuuving 

flig'iials up to 5 miles with a ;iO-foot pole and h-inch spark, (‘vcin without tho 
use of condensen’s. A slight change ro(^ently inadc\ has iiuuvasttd the semsitive- 
ness about 40 times, still without tho use of eoud(ms( 5 rs or tunin/^’. For those 
who may wish to tixp(U'iin(3nt in this line, I would say, , that tlH% following: di¬ 
mensions will give an instrument nnuih more s(‘,nsil,iv(^ than tins coh<*r(u\ and 
capable of use over long distances. Coils, two in mimlmr, 400 t urns of No. 02 
wire, boiled in pandhn. Coils A imih inside diameiier and I incli long. Move- 
able ring, No 26 wire, 4* inrh diamet<u*, mirror:!" inch diam(4er. 

Where great sensitiveness is reciuired, us(i smalh*r coils and ringof silvcu' with 
a scrap of silvered glass, very thin and /.j inch diauud.er fastened to ring. Ob¬ 
serve inotion by rellected spot of light IVottj glass. A sihuuvd 111m of mica Or 
celluloid might be used wh(jre grcait dampening is desired. 

It may bo of iuter(3st to mention that in siuidijjg signals a(‘.rosH miles of 
city buildingfi, diagonally across bhxiks, the signals w(‘rc only about 10 per cent, 
of what th(3y would have been over free space. 
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If there are any quantitative results with regard to the ratio of the 
3park-leiigtli to the other factors, I think it would he very inter¬ 
esting to nave them. 

Prof. Fesse^tuen : — I have just given iny measurements on 
the relation between the length of spark and the effect at the re¬ 
ceiving end. I pointed out that the effect at the receiving end 
did not quite vary as the square of the spark-length. So 
that in doubling the spark-length, you do not get quite four 
times the effect, as you should. 

Mr. Henshaw : — Then there must have been something in Mr. 
Clark’s results that masked that. Didn't I understand you to 
say that you got better results with a one-sixteenth inch spark 
than with a long spark ? 

Mr. Clark: —l;es, for a short distance, and Prof. Fessenden 
explained how that occurred. He has experimented to a greater 
extent in that line than I have. But Mr. Marconi has trans¬ 
mitted 110 miles with a one-inch spark, and he uses a one-inch 
spark from five to ten miles, just the same. In fact, he has 
adopted a spark of that length as a standard. 

Mr. C. E. Dunn :—Mr. Clark, T believe, said a few moments 
ago that he tound that he got results without any spark at all. I 
would like to ask him if he had any idea from what the effect 
arose. 

Mr. Clark: —I do not claim to give any reason for it at all. 
I simply state the fact. Prof. Fessenden, as you have heard, 
states that he thinks it was due to the magnetic influence from 
the core of the coil. But I have tried the action of a very 
powerful magnet in the neighborhood of a coherer, and making 
and breaking the circuit of that magnet with a vibrator, placed 
at a safe distance, I have found no results. But in case any 
of you m^ be experimenting with the interrupter of your coil in 
a vacuum, I want to tell you something that happened at the 
exhibition over in Boston. We were blowing up a boat every 
day, four times a day, by wireless telegraphy from across the 
hall, and we found, to our astonishment, that at about two o’clock 
each day something interfered with us, and we consequently had 
to blow up the boat a few minutes before two. How, Mr. D. 
McFarlan Moore had his artificial daylight down in the basement, 
several hundred feet away from us, and we found that he started 
up about two o’clock, and after a little experimenting we found 
that we got these waves from Mr. Moore’s apparatus. Ton all 
know that his interrupter is in a vacuum, and we could not find 
any sparking or anything that we thought would influence our 
receiver, except the sparking in the vacuum; so after that we 
claimed to blow the boat up by artificial daylight. 

Dr. Pupin :—In reference to getting the effect without the 
spark, 1 think I was the first to show Mr. Clark that under 
certain conditions it could be obtained. Mr. Clark, two or three 
years ago, showed bis apparatus to the JNewTork Electrical 
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Society. I was its president then, and heard Mr. Clark’s lecture. 
I tried the apparatus that Mr. Clark showed, and I saw that it 
would work whether the interruption of the primary current pro¬ 
duced a spark or not. I think Mr. Clark was very much sur¬ 
prised that such was the case. Of course, the distance was the 
length of a table, and the receiving line was connected to a water 
pipe, and the transmitting line was connected to the same water 
pipe, so it was equivalent to having the receiving and transmit¬ 
ting line connected, being one line, of course, and as soon as the 
primary was broken, of course the transmitting line as well as 
the receiving line was charged, and that charge produced a spark 
m the coherer and made it operate. It is, of course, not neces¬ 
sary for a short distance like that to have a spark at all. But, 
if you take 100 yards distance, I am perfectly sure you could 
not get any effects at all unless you have a spark. 

Mn. Claek::— On the occasion which Dr. Fupin mentions, one 
wire was connected to the water pipe, and the other to the gas 
pipe at least, I supposed that was the case. But I found, to my 
delight the next morning, that our man had not carried out his 
instructions, and the transmitter was not connected to a ground 
at all. At the present time, mth the instruments that we are 
I ^find no difiBculty at all in transmitting 30, 40 
or 50 feet with only a perpendicular wire of about eight or 
ten feet in height, with no ground connection whatever, which 
of course is very much more interesting. I have also succeeded 
in directing the movements of a model automobile, quite a lar^ce- 
sized piece of apparatus, weighing about 50 pounds, with no 
trouble at all. ' 

The President :—Was that with a spark ? 

Mr. Clark:—Y es, with a spark. 

The President: —If there is no further discussion, I think 
extend a vote of thanks to Prof. Fessenden and 
to Mr. Clark for their entertaining descriptions. The subject is 
an extremely fascinating one, fraught, perhaps, with many pos¬ 
sibilities in the future,^ and the discrepancies which are bound to 
occur between the evidences of practice and the prophecies of 
theory ap only the more interesting, since they show the great 
complexity of this subject and the many facts which enter into 
each ease. But, no doubt, as we get more experience on the one 
hand, as we acquire better apparatus on the other, and as we also 
get more and more insight into the nature of the phenomena 
which are involved, we ought to be able to bring theory and 
practice into a more complete degree of uniformity. 

Dr. Pttpin:—I was invited to take part in this discussion, and 
I came to discuss the subject, but I would not carry out my 
1 esolution, if I did not think that we have not yet touched upon 
the possibilities of wireless telegraphy. So far we have had an 
exchange of personal experiences. These experiences are all very 
interesting, and I am sure that we are very much obliged to 
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Prof, Fessenden and to Mr. Clark for tlieir very valuable in¬ 
formation. It is extremely important that we should know 
from actual personal experiences what are the difficulties in¬ 
volved in wireless telegraphy. But the subject of this evening 
is the jfossibilities of wireless telegraphy f and I do not think 
that the Amekican Institute should adjourn without saying some¬ 
thing relative to these possibilities. Of course when a man speaks 
about the possibilities of anything, it is all in the future, and he 
has poetical license—he can indulge to his heart’s content. 
Now, if you will allow me to indulge a little bit, I will tell you 
something about what I think might be the possibilities of wire¬ 
less telegraphy. My ideas on the subject are not an offhand 
notion. 1 have thought a great deal about the subject. 1 teach 
in a college; am called upon quite frequently by young students 
to tell them something about wireless telegraphy, and if I go out 
into society or among business men, and they know that 1 am a 
professor at a college, they think that I know all about wire¬ 
less telegraphy ; so they come to me and ask me all about it, and 
of course I try to give tliem an intelligent answer. So, whether 
I want to or not, 1 have to think a great deal about it. It is in 
the line of my business. If I make a mistake in my figures, or 
if I should be a little too sanguine in my expectations, you will 
be very indulgent with me, because I am speaking about mere 
possibilities. 

One of the possibilities is the tuning of receiving apparatus. 
The chief difficulty to-day is that if two transmitting stations are 
working at the same time, the message received at the receiving 
apparatus is unintelligible, because they interfere with each 
other. It is, therefore, very desirable that the receiving appar¬ 
atus should be tuned so that it will respond to one transmitting 
apparatus only, and to no other. The second important point is 
that we should extend the distance as much as possible. These 
are the two important points, and I think the possibilities in those 
two directions are very great. 

Now, if you will allow me to go to the blackboard, I shall try 
by diagrams to make myself clearer than I might otherwise do. 
The evening is still young, and we have lots of time ; so don’t 
get impatient. In case you want to go, why do so, I won’t feel 
offended. 

The transmitting wire as it is constructed to-day consists of a 
long vertical wire, a Fig. 5, and a spark gap a c, and an earth 
connection a, and the receiving wire is e the coherer is at 
and the local circuit < 7 /* A, the induction coil a, is also indicated 
connecting to the two sides a g oi the spark-gap. I would like 
here to ask Mr. Clark a question. How many breaks per second 
did Mr. Marconi employ: 

Mr. Clark: —I cannot answer that question definitely. He 
had a very rapid rate, the most rapid one that I have heard. I 
can only guide by the ear. 
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Dr. Fupix :—The fastest mercurj break used with induction 
coils that I have seen, did not go very much over thirty a 
second. 

Mr. Clark : — Mr. Marconi said that all he required for dots 
was one spark between the balls. 

Dr. Ptjpin : — That is not the point, though, that I wanted to 
know. 

Prof.^ hESSEXDKK:—You can call it 500 per ininute possibly. 
Mhen it gives a high pitched note, it would be somewhere 
around there. 

Dr. Pijpp’’: — That is about 8 per second. When you excite 
two Wires like a h and g g until the potential is high enough to 
make the spark in the spark-gap, then each spark is followed by 
a series of oscillations. Tliey are the so-called free oscillations 
of this wire—the wire b a c a. The wave-length will depend 


b d\ |5 



Fig. 5. 



on the nature of the excitation. I do not care to go very deeply 
into that ior two reasons—because 1 don’t know much about it, 
and secondly, it is not necessary—two very good reasons. I will 
tell you why it is not necessary, and why^ 1 do not know much 
about it. Take a wire like b g] the capacity of which is a vari¬ 
able quantity, because the capacity of any element depends on 
its length and its distance from the earth. As you go up along 
tile wire the capacity of the wire is continually diminishing. 
The free vibrations of a wire like that, are like the free vibra- 
tion of a string, the elasticity of Avhicli varies from point to 
point, hfow, no man on earth would be able to tell you with 
any degree of exactness what sort of oscillations you would get 
think you would get a pure harmonic oscillation. 
There Will be an oscillation of all sorts of unrelated frequencies. 
If we had an ordinary wire where the capacity per unit length 
IS a eoiistant quantity from beginning to end, the problem is 
very easy; it has been solved; the wave-length that the 
wire emits is a multiple of the length of the wire. Prof. 
Tessenden told us that the wave-length is about four times the 
length of the wire. ISTow, these oscillations are very much 
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dainpeiied, for tnis reason—that yon have a great deal of dis- 
sipation of energy right in this spark-gap. If you could excite 
oseiuatwns in a wire toithout a spark-gaji, these oscillations 
would have some damping, but not very much. They would 
be, so to speak, sonorous^ oscillations, as when you strike a bell 
made of fine bell-metal, it continues to ring for a longtime after 
the stroke is delivered. But if you put a finger on the bell and 
strike it then, or put in some resistance, the sound dies out very 
rapidly. So that is the state of affairs in this transmitting wire 
with a spark-gap. You have the high resistance, dissipation of 
energy, and the oscillation is a very damped one ; you have only a 
very few^ waves^ sent out after each spark. Now, when you 
Imve a train consisting of very few rapidly diminishing waves, 
they cannot produce much resonance. 

That is the reason why they have not been able to tune their 
receiving apparatus in England, that is, I think bo. I don’t 
know anything in this line for certain. I know only one fact, 
and that is that nobody has been able to tune the receiving cir¬ 
cuit. What I mean by tuning is this : if the receiving wire has 
the same period as the transmitting wire, then the wave coming 
from the transmitting wire will excite strong oscillations in the 
receiving wire under proper conditions j but if the receiving 
wire has not the same period as the transmitting wire, then the 
oscillations induced in it will be small. Now, even if the two 
are in unison, and the transmitting wire sends only a few rapidly 
decaying oscillations at stated long intervals, then you will get 
no appreciable resonance. To produce strong resonance 
you must send forth oscillations which have little damping. 
That has been shown experimentally in the case of the Hertzian 
oscillations, and these are, in a certain sense, like Hertzian oscil¬ 
lations, because they are of high frequencjx Hertz showed 
that if you have a series of slowly decaying waves, and they 
strike a conductor having the same periodicity as the conductor 
from which these waves proceed, you then get very strong 
resonance effects Here is another method of producing strong 
resonance effects. If you produce a series of rapidly decaying 
waves, you will get small resonance, but this small resonance 
effect would he magnified if you could repeat these dampened 
impulses at very quick intervals. Instead of having eight sparks 
per second, suppose you had one hundred thousand sparks per 
second, each succeeding train of rapidly decaying waves will 
strengthen the effect of the preceding train. Then the current here 
in the tuned receiving circuit would swell up, and ultimately you 
will get a very large resonant oscillation by a sort of accumufative 
effect. So that in the present method of wireless telegraphy, we are 
laboring un der two difficulties: one difficulty is that the waves pro¬ 
ceeding from the transmitting wire are very much damped. The 
second difl&culty is that the sparks do not proceed in a suffi¬ 
ciently rapid succession. Eight sparks per second—that is 
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nothing at all, it is the coarsest kind of dilettante work. It 
may be good enough for the present, but it is not enough for 
the possibilities of the future. If we are to speak about 
possibilities of the future, then it seems to me we ought to 
consider these two points: One is to produce electrical oscil¬ 
lation in this transmitting end, which are less damped 
secondly, to produce a much more rapid succession of sparks, a 
much more rapid succession of impulses. I^ow, 1 am going to 
tell you one Avay that I think would operate and be successful 
in transmitting less dampened oscillations. I shall describe a 
method which I have tried, in connection with another scheme, 
for which there there are several claimants besides myself^ 
Suppose we have a wire ah o a (Fig. 6) and a condenser a e. 
Suppose that the condenser plates have a shunt with a gap a} 
Connect the induction coil with the two sides of this spark-gap.. 
This is a condenser having a considerably larger capacity than 
the capacity of the vertical wire, and it is preferable that the 
shunt wire have considerable self-inductance. This arrangement 
represents exactly the following mechanical analogy. In Fig. Y, 
A B c is a tuning fork, with its neck, c, rigidly fixed, and a 
string, A D, attached to it. One end, d, of the string is fastened. 
Suppose you strike this tuning fork, it will vibrate and make the 
string vibrate, and the vibration of the string will continue as 
long as the tuning fork vibrates. If the tuning fork is heavy, its 
vibrations will continue for a long time after each stroke. The 
string performs forced vibrations, and not natural vibrations^ 
which it would perform if it were fastened at its terminals and 
then struck. The forced oscillations of the string are not rapidly 
decaying, because the body vibrating it—the tuning fork —is a 
sonorous body. The condenser, a g (Fig. 6), with a shunt, is an 
electrical oscillator, an electrical-tuning fork. The Hertzian os¬ 
cillator is an electrical tuning fork. The analogy is perfect. It 
is not a mere superficial analogy; it is a perfect analogy. Every’' 
time you pass a spark, that is equivalent to giving the tuning fork: 
a stroke, lou start oscillations in this circuit just as you start 
the vilirations of the tuning fork by a stroke. These oscillations 
then keep up the oscillations in the vertical wire. Oscillations 
like that have been produced by Hertz himself. The wire was 
not connected to the earth, to be sure, but that does not make 
a veiw essential difference. I will give you an illustration of one 
Hertzian arrangement which is very interesting. It is represented 
in Fig. b. A, is the induction coil, bode are four plates 16 in. 
square, and at a distance of 4 in., and a 5 is the spark-gap and 
E H and D K are two long wires with bridge, f g. The 
circuit, c B E F G D c, is the oscillator, the electrical tuning 
foi k, the wires, e h and g k, are the electrical strings vibrated 
by the electrical tuning fork. This arrangement, the so-called 
Lecher arrangement adopted by Hertz, gives electrical oscilla¬ 
tions, when the spark-gap is small, which are very sonorous. 
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After eacli spark a long series of waves will be emitted from a 
system like this. I don’t care where these waves go, a part of 
them will certainly strike the receiving wire and will continue 
working there for some time. Now all you have to do at the 
receiving wire is to have another electrical tuning fork synchro¬ 
nized with that at the receiving end. Such an arrangement is 
given in Fig. 6. The condenser I with its shunt o m ii is the 
resonator. By varying the dimensions of the shunt m n o or the 
capacity of condenser I we can tune this circuit. I do not see 
why such a circuit should not resonate. I wmuld like some one 
to tell me why it should not. It does it in the ordinary conditions 
in the Hertzian experiments. I do not see why it should not 
do it here. There is nothing mysterious or even strange 
about these waves employed in wireless telegraphy, they being 
perfectly simple waves like any other electrical waves and can be 
made to obey the same rules. Now the receiving resonator will 
be even more sonorous, a great deal more sonorous than the 
transmitting oscillator. Two circuits may have the same period 
but different deci’ements. Two bells may sound the same note, 



Fig. 7. Fig. 8. 


but one will continue for a long while to ring and the other may 
die out very shortly, depending on the internal friction and de¬ 
pending on the material from which the bell is made. The receiv¬ 
ing resonator will have the same period as the transmitting 
oscillator when they are in unison, but the first one will have a 
larger decrement. That is because its frictional losses are larger. 
The coherer, ^is, of course, supposed to be in a secondary winding 
as shown in Fig. 5. The oscillations once started in the receiving 
resonator will continue a much longer time than those in the 
transmitting oscillator. Now that is a very important point. 
Prof. Fessenden has told us that these oscillations are about three 
millions per second. I think he is very near the truth. They 
are considerably slower than the Hertzian oscillations on account 
of the length of the transmitting wire. Now these oscillations,, 
excited by a resonator like the one in Fig. 6 are very persistent. 
Five thousand wave lengths, that is live thousand complete oscil¬ 
lations, will be emitted. Oscillations will take place before the re¬ 
sonator becomes exhausted. The oscillations in the oscillator are 
not so persistent on account of the air-gap. Say 500 oscillations 
take place after each spark before the oscillator is exhausted. 
That is, for five hundred three-millionths of a second, or for 
five thirty-thousandths or for one six-thousandth of a second, 
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these oscillations will' persist after each spark, and then the 
electrical tuning fork is ready again to be struck again by an 
electrical blow, by a spark. Y^ou see that this oscillator is a 
tuning fork, that you cannot strike before the oscillations have 
subsided, because the air-gap conducts too well while the oscil¬ 
lations are going on. On account of the air-gap you have to wait 
until the oscillations die out before the induction coil can pro¬ 
duce another spark. So that only after one six-thousandth of a 
second the oscillator will be ready to receive another spark. Now 
the receiving resonator will continue considerably longer, there be¬ 
ing much less damping. That is, after one six-thousandth part of a 
second,_ after the last wave-length is reached here the induced 
oscillations will continue for a considerably longer time, say ten 
times as long; that is, one six-thousandth of a second, plus ten 
six-thousandths of a second. This is of course very rough. Ido 
not pretend to great accuracy. I only wish to make my meanino- 
clearj and to illustrate it bv a numerical example. One 
thousandth plus ten six-thousandths—well, make it twelve six- 
thousandths per second, which is one five-hundredth of a second 
1 ou see,the oscillations in the receiving resonator will continue for 
one-five-hundredth of a second after the first spark in thetransmit- 
ting oscillator. ^ ow, suppose that you pass a spark every thous¬ 
andth of a second. 1 ou see,then,that when the second spark takes 
place, and the wave-train sent out by this spark begins to arrive 
at the receiving end, the oscillations there have not died out vet 
bv one five-hundredth of a second; there is still wave-energy 
left at the receiving end. Now, the second spark will add more 
wave-energy to the receiving resonator, the third still more, and 
80 on There will be an accumulative effect in the receiving 
resonator. It is just like having two tuning forks that are 
tuned to each other. Strike one tuning fork the second will 
resonate to some extent. Then, before the energy which the 
second tuning fork has received, has decayed, if fon strike the 
fiist tuning fork again and again, the resonance of the second 
continually increase until it reaches a maximum 
effect, and von cannot go beyond that. That may be called the 
accumulated effect of resonance. You see, then, the utility of 
nuinerous sparks rapidly succeeding each other; I think a thou¬ 
sand per second is none too much. Well the scheme wenm 
operate all right if jmu could do all these tL js BiTherT^ie 

the difliculties, and this brings us to the second point of my dis¬ 
cussion. I have made a short calculation, using for the conden 

micrX-ad^ ' Thtt® about twolundredths of a 

microtaiad. That, is, the condenser plates are about a meter in 

length and they are at a distance of one centimetre and Sng 

rouS^The^corwi^^ thousand volts^ 

tricfl tinini ferl^if to supply a kilowatt to the elec¬ 

trical tuning tork at the transmitting end, and a verv larw fmc 

tion of that kilowatt is used up in this spark-gap, because an Lc- 
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tric^ radiator is not very much more efficient than an ordinary 
radiator ; a great deal of it goes into heat. I think the efficiency 
is^ just about as bad, if not worse; so that perhaps 9b% of that 
kilowatt would be used up in the spark-gap, and the rest is 
radiated into space, a very small fraction of which operates the 
receiving apparatus. What do you think becomes of the spark- 
gap spheres if the heat generated there is not carried off ? They 
will be dirtier than the balls of Mr. Clark’s instrument. I think 
that in less than no time they will be fused, and you won’t be 
able to get any spark through them. There is the difficulty. 
The rest of that I leave for you to solve. We must put a great 
deal of energy into our transmitter in order to increase our dis¬ 
tance of transmission. The more energy you put into any radiator, 
I don’t care what it is, the better illumination you get. The more 
energy you can get into an electrical radiator,the more energy you 
can get out of it, the longer the distance over which you can 
transmit a certain amount of energy. There is not the slightest 
doubt about that. What we want, then, is, in the first place, to 
be able to put a great deal of energy into our radiators; secondly, 
very rapid succession of sparks; thirdly, radiators and receivers 
of small damping, and as a result of all these things, an efficient 
tuning of the receiving to the transmitting apparatus. The solu¬ 
tion ^ of these problems will increase the sphere of future possi¬ 
bilities of wireless telegraphy more than anything else that I 
know of. 

The Peesideht :—Is there any further discussion ? 

Mr. Uharles P. Steinmetz :—I only want to add that I should 
not be afraid to dissipate even more kilowatts between a 
pair of balls. I think the best way would be turn a stream of 
high pressure air blast on it. You have no idea of the enormous 
amount of energy you can carry away in an ordinary air blast, 
twenty to thirty pounds pressure to the square inch. I had ex¬ 
perience with that. I had occasion once to dissipate a con¬ 
siderable amount of energy between a pair of balls which 1 used 
in a high-frequency condenser charge. 

Mr. C. O. Mailloux :—I would like to ask Dr. Pupin if he 
would not be likely to havean additional difficulty in the synchron¬ 
izing of his set of waves, which it seems tome would be essential 
for obtaining cumulative effects by resonance. When he starts a 
set of waves and gets resonance at the other end, the resonance 
can be kept up and inci eased only if the succeeding wave is in 
phase with rlie preceding one. It seems to me that we have to 
synchronize with the second set, and with all the sets succeeding 
each other, because otherwise it would be like vibrating a string, 
and then trying to vibrate it again in some different phase. 
Taking Dr. Pupin’s example of the two tuning forks, if he struck 
the first tuning fork anew too soon or too late, or if he did not 
strike it at a certain critical time, or in the same phase of vibra¬ 
tion, it seems to me the effect would be that the second fork 
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must synchronize anew, and hence I should think there would 
not be any cnmniative effect in the resonance. Each wave would 
liave only its own resonance. 

Dr. Pupin :—-Xo, there is no interference. Wave-energy is 
siiperpositive. The transmitting apparatus sends waves of the 
same period all the time. You can put them anywhere you 
please. There is no interference. 

Mr. Mailloux : — Do they accommodate themselves by mutual 
induction—the inductance effect or electrostatic effect ? 

Dr. Pupin :—Do you mean to say that when I sing ah, ah^ 
ah, I synchronize the emission of my sounds, and that unless I 
do that you won't hear me? It is the**same thing. 

[Adjourned.] 


Discussiox AT Chicago. 

OPEXED BY MR. ARTHUR V. ABBOTT. 

Mr. Abbott —Mr. Secretary and Gentlemen: If my under¬ 
standing is correct, Mr. Marconi came over to this country to 
aid in reporting the recent yacht races, and it was expected that 
he would give the Institute in Xew York a description of the 
art that he has so successfully brought to a practical basis. Mr. 
Marconi had to leave this country sooner than was ex¬ 
pected, and was unable to present his paper. We are 
therefore, about to discuss a subject we have never listened 
to. Before, however, we can consider any topic with profit it 
IS desirable to know something about it; and I will take a little 
time to recall some principles, probably seeming to many 
of you elementary, but which appear to me to be desirable to 
have prominently in mind. 

An modern inventions and discoveries are based upon new 
applications in the utilization of energy. We do not find out 
new Menys, and we make very few new material combinations. 
But what the nineteenth century is remarkable for, is the dis- 

varfinffn^^ u applications, the utilizations of the 

\aiious forms of that which we now term energy. 

• 1 supposed to be a mate¬ 

rial substance. Kewton thought that li^ht was an essence • a 

'eodvdmfo/hft Majer demonstrated the meolinical 

So, one after another, sound heat 
shown to he (as Prof. Tyndall so antlv de 

tSv ILrf which, in its essence, is as yet to us 

S It'is totally unknown. All that we know 

ot It is that in conjunction with matter, certain phenomena 
cei tain resnlts appear, that we term manifestations oFenergy ’ 
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At the beginning of the century, Franklin explained elec¬ 
tricity on the hypothesis that it was material substance. He 
asserted that a positiv’ely electrified body contained more of a 
certain kind of fluid, and a negatively electrified body less. We 
can see how that idea yet remains, because at present we talk of 
currents and flows; we speak of electricity as running. But 
there isn’t any flow; there isn’t anything in the material sense 
of the word. Electricity is no more a substance than the light 
from an^ incandescent lamp. So we are now revising our ideas 
of electricity in exactly the same way that Young, and Joule, 
and Tyndall revised former notions regarding heat and light. 

Twenty-flve years ago Maxwell predicted that electricity 
would be found to be a kindred manifestation to the other 
then known forms of energy. We at the present time are not 
positive that electricity is a mode of motion. We are not quite 
sure of that. But I think that the e^fldence is strongly in favor 
of this view. On the other hand, some scientists speak of elec¬ 
tricity as if it were identical with ether, stating that as it mani¬ 
fests properties similar to inertia, that it must be a substance. 
In reality this is only a talk about words. AVe never talk of 
heat as substance, but there is no doubt that heat is an ether 
manifestation. We never talk of light as a substance; but 
light is undoubtedly an ethereal manifestation. In each case 
the ether is the road, or means of communication whereby an 
energy manifestation taking place at one point may travel 
through space. But the etlier is no more energy than the rail¬ 
way track is the locomotive that runs over it., So, in the future 
the scientific world will probably regard electricity from the 
same standpoint that we now consider light, as etheric manifes¬ 
tations. 

Maxwell, twenty-five years ago, with a mathematical insight 
that has never been equaled, gave certain equations, expressing 
in symbols all of the electrical phenomena with which we are 
now acquainted, and by means of which we are able to correlate . 
electricity and light in such a way as almost to show that the 
quintuple group, light, heat, electricity, chemical action, and 
possibly the attraction of gravitation itself, is a vast chain in 
which each form is a link in the circle that brings every exhib- 
tion of energy back to its origin in motion. 

Ten years ago Prof. Hertz, in Berlin—one of the most patient, 
one of the most careful, one of the most astute investigators that 
the world has ever seen, took up the problem of demonstrating ex¬ 
perimentally some of the conclusions that Maxwell had shown 
algebraically. 

Hertz’s classic experiment, which I have assumed to be so familiar 
to you as to be unnecessary to present, consisted in taking two 
circles or rectangles of wire, one of which was connected to any 
source of electricity, such as a Holtz machine or an induction 
coil, and showing that when one circuit was properly related to 
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the other in its various electrical properties, an electrical distur¬ 
bance set up in the first circuit would be followed by a correspond 
ing electrical manifestation in the second circuit, even though 
the two were separated by a considerable space, thus proving that 
the electrification in the second was due to a wave action between 
the first and second, and that the second operated merely as a re¬ 
ceiver. Hertz’s discovery was a phj^sical proof of the existence 
of the waves Maxwell had predicted, and as soon as Hertz’s 
demonstration was placed before the scientific world it was im¬ 
mediately seen that if by any means it were possible to detect 
electric waves, it would be an easy matter to transmit intelligence 
from one point to another, over the highvray of the luminiferous 
ether. 


For if by any means we can excite electrical vibrations at oue 
point, and can catch these vibrations at another point, it is simple 
to devise a code whereby the waves emitted at one point may be 
caused to convey intelligence to another. The synchronic circuits 
of Prof. Hertz were so insensitive in their ability to report the., 
existence of electric waves, that it was impossible to show the 
presence of such oscillation more than a few feet away from the 
emitting apparatus. If I recollect rightly. Hertz’s Memoirs do 
not describe any successful experiments over a distance greater 
than that occupied by a large room, say 50 or 100 feet. But 
Hertz also showed the possibility of reflecting these waves, or of 
refracting them, and of polarizing them, demonstrating that they 
followed and exactly corresponded to all that we know of ail 
other forms of radiant energy. 

^ In 1891 or 1892 Prof. Branley discovered that under certain 
circumstances a metallic powder become very sensitive to electri¬ 
cal radiation. He found that ordinarily a metallic powder, such 
as a heap of filings, offered a great resistance to the passage 
(now I have to go back to the old-fashioned word) of an electric 
current. If the two poles of a battery are dipped in metallic 
filings, no sensible current flows, as may be shown by a sensitive 
galvanometer. But if an electric wave, if the radiation from an 
induction coil or similar apparatus impinges upon these filimx's 
a very curioip change takes place, and the resistance formerly 
measurable in megohms, drops to a few hundred ohms or less, 
ihe filings offer, therefore, a means of detecting the presence of 
electrical radiation far more delicate than is yet found in any 
other way. They are the mechanical spectacles whereby the 
presence of electric waves can be made apparent to the eye of 
the brain. We are made acquainted with our environments 
solely through certain sets of nerves. Imagine a man deaf, 
blind and sensationless, what could he know about the world 
Absolutely nothing. He could not hear, he could not see, he 
could not feel.^ Now through these three channels, and these 
only, we come into contact with the environments, and we trans¬ 
late to ourselves all the phenomena that take place around us, 
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and it is obvious that if there are any such phenomena which do 
not appeal to some one set of nerves, we are absolutely oblivious 
of it. 

Standing on the top of a mountain, looking down into the 
valley below, one is insensible to what the eagle flying near one’s 
head sees, because our eyes are not as acute as "his. On the 
plains with the Indians, one does not perceive a thousand things 
that they instantly cognize. And why i Because our senses and 
our attention are not trained in the same direction as theirs. It 
is often said, that the moder7i eye is deteriorating. Here is the 
Indian; he can see a man flve miles ofl:. True, but the optician 
can make one see a man flfty miles off, because he can give a 
telescope; and on the whole I would rather have the telescope 
and my eye, than the Indian’s eye without the telescope. A man 
can hear another shouting a few hundred feet away; but I would 
rather have a telephone and listen to New York. So we are 
constantly adding to, and increasing our perceptive limits, by 
means of mechanical appliances. 

So the fllings in the little tube, which has now been denomi¬ 
nated a coherer, is a new mechanical appliance which enables us 
to penetrate into regions of space, which have previously been 
barred to us; which, so far as we are concerned, were empty. The 
magnetic waves from the sun at every eruption of hydrogen have 
radiated outward through space, enveloping the world and sweep¬ 
ing around it in the same way that billows of the sea engulf the 
grains of sand on the shore, and man has been utterly oblivious 
thereto; but eveiw magnetic needle has trembled with every 
hydrogen eruption. The coherer is as yet insensitive to the ra¬ 
diation from the sun, but we certainly can detect that from the 
lightning flash. So Professor Branley in that way has furn¬ 
ished us with another mechanical device for penetrating into 
the fields of radiant energy that surround us, in a way hitherto 
unknown. 

Now I am going to request the lights to be lowered, so that 
we may consider more definitely what is known about radiant 
energy. 

TABLE No. I. 

Waves in the Air. 

Sound Speed, 1,100 Ft. per Second. 


No I. 

DESIGNATION. 

No. 2. 

Wave-Length. 

No. 3. 

No. of Vibrations prr second 

OB Visible Motion. 


Less than 16 

> Lowest Audible Sound. 

68 ft. 

16 

fS Lowest Musical Note .. .. .... 

34 “ 

32 

Q Man’s Voice. 


128 

g Woman’s Voice. 

^ 

45^ to 2^8 ft. 

256 to 512 

« Highest Soprano . .. 

0 ins. 

2000 

« Highest Musical Note. 

3 ios. 

4000 

S Highest Audible Note.... 

______4:- 

U in. 

40000 
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The first table which I place upon the screen (See Table I) is a 
list showing us what the senses can gather from the slowest vi¬ 
brations of an oscillating body. We are all pretty familiar with 
this form of wave motion, so I dwell on it but for a moment; 
just to^eall to your mind, that visible motion is something less 
than 10 per second. The lowest audible sound is about 16 per 
second, with a wave-length of about 68 feet; and the highest 
audible sound has a wave-length of a quarter of an inch,'with 
about 4i 1,000_ vibrations per second. This talde shows the group 
of waves which appeal to one set of nerves, the aural nerves; be¬ 
low 16 the ear refuses to recognize any vibration, and above 
40.0UU per second, the ear fails to hear.' 


TABFjB ir. 


Waves in the Ether. 

Eeat and Light Speed, 186,000 Miles per Second. 


'1 No. I. 

No. 2. 

No. 3. 

j designation. 

1--- 

Wave-Length. 

No of Vibrations per second 

1 

) X 

i u 1 



j Ss ir 1 Lowest Heat Sensation ... 

( ' Hi^ghest Heat Sensation. [ 

! S ! 

583 millionths of an inch. 
392 ten “ “ *• 

20 trillions 

300 “ 

t •* « " Red Liirht. | 

f > > Orange Light . 1 

, > H Yellow Light . j 

' C Light. j 

i 'i-.'I. ' . ! 

i Indigo. 1 

1 Violet Light. j 

1 - . 1 

271 “ ‘‘ “ “ 

258 “ “ “ “ 

244 “ 

207 “ “ “ “ 

igt “ “■ “ “ 

169 “ *• “ ‘• 

165 “ “ “ “ 

434 

500 

520 “ 

570 “ 

634 “ 

680 ‘‘ 

740 

1 L Itra Vio’et Radiation. j 

1 f 

140 to 85 (en millionths 
of an inch. 

870 to 1500 trillion 

) Roentgen Ravs. ! 

• i 

Unknown. 

Probably 300 quadrill¬ 
ions. 


consider the next group of waves 

So. T P«-«ve "brbioM frZ 

about lb to 40,00(1; but from forty thousand up to twenty tril¬ 
lions per second there is no set of nerves that responds and^sofar 
as we are concerned space is empty. But there is a laSe eroun S 
insects that probably have facilities, nervous VysTmf E 

of^vhSMl?' recognize at le/st something 
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proper instruments we may analyze this group of waves from 20 
trillions to 300 trillions, and construct a tliermal scale, correspond¬ 
ing to tlie audible scale. 

Between 300 trillions, and -l^-^O trillions, there is another gap 
at present, imperceptible to our senses, but at 434 trillions the 
eye takes up the analysis, and the retina translates to the brain 
the waves which impinge thereon, and w'e can see vibrations 
from 434 trillions to 74u trillions, giving a chromatic scale,— 
not chromatic in the musical sense, ’out chromatic in the color 
.sense,— for the different rates of vibration are recognized as 
different colors. For there is absolutely no difference between 
a ray of red light and a ray of violet light, save in rapidity and 
in wave-length. 

Beyond the end of the visible spectrum, photography shows 
us that radiation persists with ever-increasing rapidities, until 
we reach about 1500 trillions per second ; then photography 
fails. Bat Professor Roentgen a few years ago showed us that 
the end was not yet, and there were still other fields, still other 
regions, in which vibratory energy increases in rapidity to an 
inconceivable extent; for when the mind attempts to picture a 
wave motion of 300 quadrillions per second—which we estimate 
to be the speed of the X-rays—one is in the presence of a num¬ 
ber that is absolutely meaningless. 

In the gap I spoke of a few minutes ago, between the upper 
audible limit and the low'est sensation limit, there is a space of 
about 31 octaves, and in this region the oscillations of electrical 
radiation upon Avhich wireless telegraphy is based, takes place. 
This is the region into which we wish to penetrate—by means of 
the coherer; but we hope in the future to find something a 
great deal better, a great deal more sensitive than even that 
instrument. In Table III. I have collected some of the data 
pertaining to electric waves that may be of interest. 


TABLE III. 

Waves in the Ether. 

Electro-Magnetic Waves, Speed 186,000 Miles per Second. 


No. I. 

DESIGNATION. 

No. 2. 

Wave-Length. 

No. 3. 

No. of Vibrations per second 

Magnetic Waves from the Sun. 

1% millions miles 

I m 6 % seconds 

Flash of Lightning. 

iiooo miles 

17 

Induction Coil . 

i 8 miles 

10000 

Pint Leyden Jar. 

54 ft. 

18 millions 

1 .arge Oscillator. 

I ft. 

lOO “ 

Five Inch Oscillator. 

7 in. 

172” 

Shortest Electrical Wave. 

2.% in. 

480 “■ 


Xow, leaving the screen, we will see if lean excite some of the 
electric waves that are pictured in that list. Every electrical 
circuit has three properties—resistance, inductance and capacity. 
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The form of radiation obtained from any circuit depends en¬ 
tirely upon the mutual relations of these three electrical prop¬ 
erties. Throwing a stone upon the surface of a smooth pondj 
excites a ring of waves tliat extends from the center of impact 
to the margin of the water. 

Xow, if we imagine the luminiferous ether—in which all 
of the known universe is supposed to be immersed—to be a 
spherical pond, and if we can imagine any means whereby we 
can throw stones into the ocean of ether and make splashes, we 
can obtain waves. This is exactly what we do in any electrical 
disturbance. 



Fig. 9.— Spark Coil Arranged as an Oscillator. 


On the table before us is an ordinary 6-mcIi induction coil, 
i liere is nothing remarkable about it, e.xcepting that the ter- 
minals are ^rnished with brass spheres. If the coil is connected 
with a battery, by touching a key I can send a series of sparks 

is the electrical stone, and the 
iiie concussion of which sets up 
oscillations that radiate outward in the form of an electrical 
wa\e. [bee rig. 9.] 

Let us examine what happens in the case'of the induction 
coil. Suppose there is an increased quantity of electricity on 
one pole of the coil, the positive, and a decreased quantity of 
elecErici yon the opposite side. Whether we regardklectricity 

as a material substance, or if we regard it as ether, this hyp^ 
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thesis remains equally true. If the electrical equilibrium be 
disturbed, there is a strong tendency to return to the original 
condition ; and that tendency may be compared to action of the 
the attraction of gravitation upon a stone lifted above the sur¬ 
face of the earth. When the stone is on the surface of the earth, 
both are in equilibrium. But if we lift the stone, we have 
disturbed the earthly equilibrium; for each attracts the 
other. By the induction coil we disturb the ether, and that 
disturbance of equilibrium is followed by stress between the 
spheres forming the poles, that increases, until the resistance 
of the intervening space breaks down, and .the equilibrium is 
restored with a crash. 

But there is more than tliat, as the apparatus acts like a 
pendulum, for when the intervening space breaks down, the 
electricity, like the bob, swings from one pole to the other, 
back and forth several times, but with ever and ever decreas¬ 
ing intervals, as the stored energy is gradually dissipated, and 
the phenomenon ceases. 

1 say gradually; we talk of the electric spark being as quick 
as a flash. True, a spark of this kind vibrates about 200 
million times in a second; but 200 million times per second is a 
long time if compared with the Boentgen ray^ that vibrates 
300 quadrillions per second. 

The disturbance of electrical equilibrium, caused by a touch 
upon this key, gives rise to several series of waves, manifest¬ 
ing themselves in a number of different ways. Birst there is 
the sound of the spark; that consumes part of the energy. 
Second, one may feel, if the hand is near it, the heat of the 
spark ; absorbing another portion. Thiifl, the eyes perceive the 
light of the flash; abstracting more energy. And fourth, by 
means of the coherer I will show in a moment, that there is 
still another form radiated through space to which the nervous 
system is absolutely insensible. 

A coherer is an instrument consisting of a little glass tube, 
provided with two platinum-coated terminals, to which a battery 
may be attached, and having the space between the terminals 
filled with filings of metal. I will pass one around for examina¬ 
tion. Exactly how the coherer works we do not precisely know; 
presumably something as follows: Suppose one is standing on 
the seashore, after a hot, sunshiny day, the sand is loosened, 
as one readily recognizes, by sinking ankle deep into it. The 
tide begins to rise, soon a higher wave sweeps over the sandy 
beach, and, falling back, leaves as a firm plain what a moment 
before was merely a loose mass of shifting quicksand. That is 
exactly what we suppose fiappens in a coherer. [See Fig. 10.] 

In the center of this instrument is a pile of filings that are 
loose, as is the sand on a hot day. ISTow the electrical wave 
washes over that loose pile of metallic sand, and acting upon 
the ultimate molecules or atoms, it compacts them together. 
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Previously to the impact of the electrical wave the particles 
of the tilings were not in electrical contact. They were sepa¬ 
rated by spaces; not very great actually, but great raolecnlarly; 
separated by a sufficient space, so that the energy developed 
by two or three cells of battery could not cross the gap, and 
therefore the center of the tube was electrically open. When 
the electrical wave impinges upon those metallic particles, the 
gaps that previously existed are broken down, and the cur¬ 
rent from the battery is immediately established. 

In this box are two or three cells of a dry battery, from 
which wires emerge and terminate in two braes supports, on 
which the coherer is placed. There is also a bell in the inside 
circuit. I will short-circuit the coherer. [Bell rings.] You see 
immediately the bell rings, showing that all that is necessary 
is to bridge the gap to cause the bell to sound. If I can ex~ 
cite electric waves by the coil that will wash those tilings to¬ 
gether, the bell ought to ring. [Bell rings.] But the metal- 



Fig. 10. — Coherer, about Actual Size. 


lic sand may be loosened, and should return to its former 
state of high resistance. Now 1 will dig the sand up again. I 
dig it up simply by hitting the tube, and the bell stops ring¬ 
ing. Of course this experiment may be repeated an indetinite 
number of times. It is simply a physical demonstration of the 
existence of the waves produced by means of the coil and of 
their detection by the tilings which form the electrical eye, so 
to speak, that enables us to peer into that space which exists be¬ 
tween the upper audible limit and the lower limit of sensa¬ 
tion. 

To come to some of the possibilities of wireless telegraphy. 
So far we have had the coherer in open space. What will be 
the effect of interposing other substances between the coil and 
coherer. We know that for thermal radiation, rock salt is trans¬ 
parent and glass is opaque; for luminous radiation, glass is trans¬ 
parent, and a brick wall is opaque; for Boentgen radiation a 
brick wall forms no obstacle. We can literally see through the 
masonry without the slightest difficulty. It is interesting to as- 
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certain what is opaque and what is transparent, to electrical 
radiation. 

I will put the hell in a wooden box, and close it tightly. On 
touching the key the hell rings equally as promptly inside the 
box as it does outside. Wood is apparently transparent. Let 
us take another kind of box; here is one of metal. Let us see 
whether the metal is transparent. [Three trials and the bell 
fails to ring.] The metal is opaque. 

Perhaps I can illustrate forcibly how a lightning rod works. 
I raise this vertical wire to catch the electrical radiation and 
bring it into the box, shutting it tight, and touch the key. 
[The bell rings. | In order to prevent the electrical wave from 
affecting the coherer we must screen it, not in an air-tight case; 
as of course this box is not air-tight;—but there must be -perfect 



Fig. 11.—Coherer Magnified. 

metallic continuity around it. But when a wire was extended 
from the coherer through the case, a portion of the wave traveled 
down the wire, and influenced the filings. That is exactly the 
way a lightning rod acts. 

I have shown so far, simply the way in which we can generate 
electrical waves, and the method by which it is possible to de¬ 
tect their presence. It may be interesting to go into the subject 
a little more technically. Denoting the capacity of a circuit by 
{7, the inductance of the circuit by L and the resistance by li 
Lord Kelvin shows that if 


R is > \/tA 
u 

the discharge of the condenser dies away regularly with the lapse 
of time; 


HR <\/^ 

then the discharge gradually expends itself in a series of isochron¬ 
ous oscillations; the periodic time T of which is given by the 
following formula:' 
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L 0 i L' 

If y? is very small in comparison to the other quantities, as is 
usually the case in pieces of apparatus designed to emit electric 

waves. 

r ^ 2 TT L U 

.^ow as T may be varied by changing either one, or both factors, 



Fig. 12.—-The Evolution of the Oscillator. 


a very wide range of vibration may be secured, and knowing the 

iSh L r-il^'? of the wave, the wave- 

len th lb easilj found as the quot<ent of these quantities. 

f.r', an intinite number of 

i’ oscillator, as any apparatus for emitting electric waves 

lb called may assume a corresponding variety of shanes hut n<j 
the familiar Leyden jar is always at ^and, the evoiXn of the 
uTFhf if N radiator is easy to trace, as shown 

of pU.es seplri b/t 

* Note.—S ee Leeons sur L’Bleotricite par E. Gerard, p. 256.-- 
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3 the circuit is ^ straightened out and the jar coatings are 
a pair of disks, while iniTo. 4, the substitution of spheres for 
the disk is a natural transition to prevent brush discharge. 

In Fig. 13 eight of the most common forms of oscillators are 
represented diagrammaticallj. No. 1 is a pair of straight rods 
terminating in knobs, separated by a short spark-gap. To in¬ 
crease capacity in No. 2, a pair of plates.is added to the terminals 
of the rods. In No. 4 the rods are bent into a ring. No. 3 is 
a simple sphere, sparked to at either end of a diameter. No. 5 
is composed of two equal spheres, the spark-gap placed on a line 
through their diameters. In No. 6 several spheres are used to 
produce proportionately greater intensity. While the spherical 
radiator is exceedingly convenient, it is so dead beat as only to 





Fig. 13.—Diagram of Oscillators. 


give two or three waves. Its vibrations may be prolonged at 
the sacrilice of intensity by enclosing it in a metal cylinder as 
shown in No. 7. A similar device is shown in No. 8, "composed 
of a metal cylinder enclosing two spark knobs set on a diameter. 
For convenience, the formulae for the wave-length of these forms 
are appended. 

No 1—Two straight rods. 

Let I = length of the rods over all, including spark-gap; d = 
the diameter of the rods, and D = the distance between their 
centers. Then 


Z = 2l (loge - .76.) 


in electro-magnetic c. o. s. units. 
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in electro-magnetic c. g. s. units, when v is the velocity of 
light. 

T=%n\/ (Joge -75) 

If A = the wave-length then X = v T. 

Approximately between the ranges of Z = 10 cm. and I — 200 
cm. and c? = .2 cm. and d — o cm. 

1 = 15 VTd 

In all eases I is supposed to he relatively large in respect to d. 

lUo. 2—Bods with two equal square plates. 

Let I = the distance between the plates including the spark- 
gap; d = the diameter of the rods a = the side of one 
plate, then 

Z = 3 ! (log. y - .w) + 2 « (log. -s) 

7t dl 

p _ ^ I ■ __ 

I n {I a) 

Multiplying and reducing, approximately 

1 = 2 V 2.5 (Z + a) + 

■jSTo. 3—Simple sphere diametrical spark-gap. 

Let D = the diameter of the sphere, I = the sum of the 
length of both conductors, on each side of the sphere which 
form the spark-gap ; and d tlie diameter of these conductors; 
then 

Z = 2i (log.^'- .Y5) 



X = 'X It \/ J) I (log, ^ — .75 ) 
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If I and d are very small in proportion to Z>, then this reduces 
approximately to 

= L3 D. 

No. 4:—A plane ring. 

Let R z=z the radius of the ring and d = the diameter of 
the rod of which it is made; then 

L ^ \ 7z R ^loge — 2.^ 

<7= 

and approximately 

R d 

• No. 5.—Two equal spheres. 

Let D := the diameter of the spheres and 5 == the distance be¬ 
tween their centers; then 



and approximately 

A = 7 i). 

The remainder of the shapes of oscillators given are merely 
modifications of the preceding cases. 

The illustration in Fig. H shows the most familiar arrange¬ 
ment of oscillator. An ordinary 6" spark coil is mounted upon 
a platform upon which are supported two terminals consisting of 
brass rods on either ends of which brass spheres are placed. The 
smaller spheres are employed for a spark-gap, while the larger 
ones are adjusted of such size as to make a capacity approxi¬ 
mately of the desired amount. Between the terminal balls a 
larger sphere, usually about 8'' in diameter,^ is supported on 
similar insulated standard. All this apparatus is so arranged as 
to be adjustable, iu order that the relation of the spark-gap and 
central sphere may be varied. A Morse key is arranged to in¬ 
terrupt the primary circuit so that sparks may be given at pleas¬ 
ure, and the terminals of the coil are so planned as to be connected 
to an elevated mast and to the ground when desired. 

As electric oscillations only accompany a disruptive discharge, 
the more sudden and violent the spark, the greater is the propor¬ 
tion of energy converted into radiation, therefore, the adjust¬ 
ment of the spark-gap is of vital importance in the construction 
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of an oscillator. All parts of the apparatus should be carefully 
rounded to prevent any approach to brush discharge, and the 
surfaces of the gap should have as large a radius as possible. 
These surfaces must also be maintained in the highest state of 
polish, particularly if shoi*t waves are desired, for even a few 
minutes' sparking will so roughen the metal as to prevent the 
emission of the shortest oscillation. To minimize the labor of 
re-polishing it is convenient to make the terminals of adjustible 
cups in which polished spheres may be placed, continually re¬ 
volved, so as to present fresh surfaces for the emission of sparks. 
The immersion of the terminals in oil has also been tried with 
good success, as it largely contributes to the efficiency, perma¬ 
nency and suddenness of the spark action. The length of the 
spark is another important and very essential consideration, but 
one which requires adjustment for every different arrangement 
of oscillator and receiver. A gap either too long or too short 
will fail. Usually from one-half centimetre to three centimetres 
in length is fairly successful. The observer soon learns to judge 
from the character of the spark as to the working of the oscilla¬ 
tor.^ A thin faintly luminous violet spark givns poor results and 
indicates too small capacity in the apj)aratus. thick, heavy, 
perfectly straight white spark k equally bad, denoting an excess 
of capacity, while the most efficient spark is jagged and arched 
and plays about the discharge surface. It appears to have a 
reddish violet center and to be surrounded with several concen¬ 
tric sheaths of fiame. With each reversal of the coil current, 
the spark is suddenly extinguished with a loud snapping sound, 
and is also very sensitive to a magnet. 

I will now ))ut upon the screen some representations of the co¬ 
herer. Fig. 10 is a general view of the coherer, while Fig. 11. 
is a magnitication of the coherer which I passed around a few 
minutes ago. You will see the brass plugs at either end coated 
with platinum, and the metallic filings in the center. 

In the next slide I have an arrangement which I think will 
illustrate the way in which the coherer works, and it mav be in¬ 
teresting to know that it is taken under the microscope from the 
filings themselves. 

Under ordinary circumstances the coherer filings are in the 
position that you now see, electrically opaque. An electric wave 
arrives and jostles the atoms into contact, and the coherer be¬ 
comes electrically transparent. A slight tap destroys the atomic 
bridges, and again becomes electrically dark, as soon as the next 
electrical wave appears, it becomes electrically transparent again 
and so on; so that the action of the coherer, under a succession 
of waves, may be illustrated by the operation of this slide on the 
screen. 

I have endeavored, thus ronglily, to describe the way in which 
we make electric splashes in the ether, and the means for dilut¬ 
ing the waves. Imagine a blind man standing on the margin of 
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a pond; he might hear the nplash of a stone that was thrown in¬ 
to the water, hut ho would have no means of knowing anything 
about the waves wliicli ripple over the surface. Suppose apiece 
of board placed on the surface of the vrater, and the blind man to 
[Uit his hand thereon, the oscillations of the chip, under the influ¬ 
ence of the waves, would convey the idea that “Someho<ly has 
thr< >wn ia a stoae.’' 

Without the coherer we have no senses which can detect the 
electrical waves. We cannot Bee them, hear them, feel them, 
tafite them; they flow by us, and have foi* ages, but the coherer is 
the board that enables us, by mechanical means, to detect their 
preaence. If can appreciate the presence of these waves, 
then we (*an use them for the transmission of intelligence. 

O 



Fio. 14.—Biniplo Detector for Electric Wave. 

In Fig. M, tlui Himplest form of Hertzian wave detector is 
siiowm The apparatus ('onsists of an ordinary vibrating bell 
<*,onnccte<i to a l)icyclc hattm*y and coherer mounted upon a 
brans statuh The <ioherer, vibrating bell and battery are all in 
Ho long as no eh*<*-trical wave impinges upon the coherer 
its rcsistan(*.c is so high that the battery circuit remains open so 
far an the !)ell is <*,oncern(ul, ami the apparatus is silent. Upon 
the inipa<*.t of iin electrical wave upon the filings, tlie resistance 
is BO low(u*ed that a current is established and the vibrating bell 
rings. A tap or two u[)on the glass tube of the coherer with a 
Imnl ptmcil is sufficient to restore the filings to their original con¬ 
dition and interrupt the operation of hell. 

We are all familiar with the Morse alphabet. If we can send 
waves for tlio tenth of a second and stop, and tlien send waves 
for tliroo-tenths of a sec^.ond, we have what is equivalent to a dot 
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and a dasli, and symbols a. If we send waves for three-tentbs of a 
second and then stop, and then for one-tenth, and stop, and then for 
one-tenth, and stop, we have n. If we devise means whereby the 
coherer shall interrupt the battery current as soon as the 
waves stop, it is evident that we can measure the length of time 
that the waves are passing through the ether. 1.0 do this manually 
by tapping, is far too clumsy, and some automatic means inust 
be employed. One method is to place in the coherer circuit an 
electro-magnet. As soon as the battery current is established 
the electro-magnet is excited, and—if we use the buzzer form 
arranging the hammer so it shall strike the glass tube, it will tap the 
coherer and decohere it. That is exactly what happens in this instru¬ 
ment on the table. Here is a coherer similar to that which you 



Fig. 1').—Revolving Decolierer. 


have seen with the tube supported by springs at each side. 
Directly underneath is the buzzer, ai/ordinary electric bell. 
The electric waves emitted by the coil will excite the coherer ; 
operating the buzzer and decohering the instrument. Let us 
try the coil. [Circuit made, bell rings but does not stop.] The 
coherer is adjusted a little too sensitively. I will try and modify 
it. [Breaks tube.] I am afraid this instrument will not operate 
any more to-night, because I have broken the tube, and 1 shall 
have to have recourse to what my professor of natural philosophy 
used to tell his students when his experiments did not succeed. 
“ The principle, gentlemen, remains the same, although the ex¬ 
periment failed.’*' In this case, however, the experiment did not 
quite fail. It worked at least half way until I endeavored to 
adjust the tube, and broke the coherer. So that I am sorry that 
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I cannot give you an illustration of the actual sending of a mes¬ 
sage across the room, as J had expected to do this evening. 
[See Fig. 18.] 

In Fig. 15, another form of decohering apparatus is shown. 
Upon a small wooden platform a vibrating hell is mounted in 
the locality of a sensitive relay. The coherer is supported upon 
the axis of one of the wheels of an ordinary clock, so that when- 
the clockwork is wound up and set in motion the coherer re¬ 
volves, thus constantly turning the tilings over and over in the 
glass tube. When the coherer is still, and in the absence of an 
electrical wave, the circuit is open as already described. Touching 
the key of the oscillator, causes it to emit electrical waves, clos¬ 
ing the circuit of the coherer and ringing the bell. If the de¬ 
tent is removed from the clockwork, the coherer revolves, and 
as the tilings tumble over each other its original resistance isim- 



Fi(3. 16.—Multiple Spark-Gap Oscillator. 

mediately restored, therefore this apparatus is always automati¬ 
cally in receiving condition. The objection to it however is that 
tliis method of decohering impairs markedly the delicacy of the 
instrument, as in order to present the maximum sensitiveness the 
tilings in the coherer should always heat rest and ready to receive 

,a,n electrical impulse. ^ i i 

However, the other ap])aratus which 1 have is entirely typical. 
At the transmitter, there is the induction coil, and a wire rod 
extending into the air terminating in a brass hall, while the other 
pole of the coil is grounded. At the receiving station, the co¬ 
herer is in series with a sensitive relay, the local of which carries 
a buizzer or hammer, mechanical hammer and a sounder. This 
is supplied with a similar elevated mast and sphere, 
while the other terminal is grounded. Exciting the trans¬ 
mitter sends a spherical undulation through the ether, 
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wliieh, falling upon the coherer, causes the tilings to co¬ 
here, completing the circuit that energizes the relay, and oper¬ 
ates the sounder, sets the buzzer running, and mechanically de¬ 
coheres the Klings, leaving them ready to receive the next wave. 

I will now place upon the screen the circuits which I use, and 
then touch for a moment on the limitations of the apparatus.. 
[Slides are shown]. As bearing upon the commercial value of 
this method, an inquiry into the efficiency and delicacy of the 
coherer is interesting. The common sixdnch coil takes a cur¬ 
rent of ten or twelve amperes at a pressure of ten volts, tlms 
absorbing about 120 watts. 'The efficiency of the coil is not over 
30 to 50 per cent.; using the latter amount as most favorable to 
the coherer, about 50 or 60 watts would re-appear in the spark- 
gap, the heat, light and sound of which absorb at least 90 per 
cent, of the energy there expended, thus leaving not over ten 
per cent, or say five or six watts as transformed into pulsations 
through the ether. Suppose the coherer to be located at a dis¬ 
tance of 50 feet from the coil. The area of the spherical wave 
is then 100^ X 3.14 = 31,450 sq. ft, or 4,500,000 sq. inches. 
A coherer without wings, exposes a surface of less than a square 
inch to the electrical oscillations, hence the apparatus can only 
absorb an amount of energy of about one seven hundred thou¬ 
sandth of a watt, and calculating back to the energy delivered to 
the coil, the efficiency of about one eight hundred thousandth of 
one per cent is found. By the use of a receiving mast and the 
most delicate apparatus, signals have been sent comihercially in 
England over a distance of 80 miles. Merely for the purpose of 
illustration, suppose the distance to be 36 miles, the coil to con¬ 
sume 1,000 watts and deliver 100 watts as radiated energy, and 
assume that the receiving station is supplied with a plate of 100 
sq. ft. Probably all these quantities are in excess of those act¬ 
ually employed, so that the calculated results will be favorable 
to the coherer rather than against it. Under such circumstances, 
the spherical wave will be 

70^ X 3.14 X 5.280^ 420,000,000,000 (approximately), 

and the energy delivered per square foot of surface will be 

100 

420,000,000,000 

The amount received by the coherer will be 

100 X 100 _ 1 

490,000,000,000 ““ 42,000,000 

say one fifty-millionth of a watt, and the efficiency one five hun¬ 
dred millionth of a per cent. While such low efficiency is ab¬ 
horrent to the commercial instinct of the calculating engineer, 
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one stands amazed at the delicacy of the apparatus that will so 
swiftly and unerringly detect such minute quantities of energy 
as are represented by the amounts of the order of a millionth of 
a watt. 

We see,^ therefore, that while the instrument is marvellously 
sensitive, its efficiency is equally marvellously low. 

As an illustration, if a man was at the top of this build¬ 
ing and wanted to talk to a njan in the street, he could put his 
liead out of the window and shout. He would undoubtedly get 
his correspondent, and equally attract the attention of everybody 
in the neighborhood. If only one' message is to be sent, it prob¬ 
ably would pay to shout; but if one wants to talk from roof to 
basement frequently a speaking tube is supplied. Why ? When 
the unaided voice is used, the vocal organs send out spherical sound 



Fig. 17.— Lodge Oscillator. 


waves that spread in ever}’^ direction; but with the speaking tube 
the sound waves are confined and made to travel along a pre¬ 
determined route, and the correspondent will receive the whole 
of the energy except that which is dissipated in heat in the tube. 

If there is one message to be sent between the points, it may 
be a very good plan to use an oscillator and coherer; but if one 
wants to send a million messages, it is better not to waste so 
much energy; better build a road for the energy to travel on; 
and so far the best electrical road is a wire, or to use Lord 
Kelvin’s apt phrase, the hole in the dielectric through which 
electricity runs. Jt is much cheap^ to build a hole than to try 
to fill the whole of space. So where a number of messages are 
to be transmited, the cheaper plan is-to build aline. Such 
questions are always finally reduced to considerations of ex- 
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pense, and the engineer must always, in deciding, calculate 
what the expense will be, by both methods, and select the 
cheaper. 

If messages are to be sent between two lighthouses, or between 
a lighthouse and the shore on a rocky coast, where a cable is ex¬ 
pensive and must be frequently removed, wireless telegraphy 
may be cheaper than a cable. If one is to signal betw^een ships at 
sea, where a cable is impossible, wireless communication solves the 
problem. Betw’een two moving army corps, where a line can¬ 
not be maintained, wireless telegraphy is excellent; but for the 
transmission of newspaper matter between New York and Chi¬ 
cago every day in the year, it is commercially absurd. 


Fig. 18.—Receiver with Electro-Magnetic Decoherer. 

Then there are other limitations. It is remarked that wireless 
telegraphy could not he secret; anyone with a coherer can read 
the ether waves. Yes; so anybody can read inductively any 
known form of telegraphy. There isn’t a secret telegraph line in 
the world. Inductively 1 can tap any telegraph or telephone 
line, and be undetected. But one can always use a code, and 
then the man who taps lines, is no wiser than before, unless he 
is the equal of the cryptogram decipherer in the ^^Grold Bug.” So 
by this expedient wireless telegraphy, or any other kind of teleg¬ 
raphy, may be just as secret as you wish. 

There is another and more formidable obstacle. Assume the 
coherer and oscillator nicely adjusted, both stations working 
harmoniously, and you wish to send messages between warships 
nr moving army corps, or something of that kind, and suppose 
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that the enemy on another war ship, or the commander of the 
opposing army corps has an idea that you are about to communi¬ 
cate in that manner; he simply sets np another oscillator and 
rattles away at his key in any incoherent fashion, your coherer 
will respond to all waves, and the jumble that results would 
take a more fertile imagination than that of Edgar Allen Foe to 
decipher. So wireless telegraphy at the present is an egotistical 
performance; only one man can have the field at one time* It is 
stated that it is possible to so synchronize one instrument with 
another that those two will mutually respond, and be oblivious to 
all others. This is partially true. A certain amount of syn¬ 
chronism can be established, and instruments made not to re¬ 
spond markedly to those that are much out of tune, but this 
possibility has not been developed to even an experimental suc¬ 
cess over greater distances than a few hundred feet as yet. 

So, as far as I have studied the subject, the matter may be 
thus briefly summed up; As a scientific invention, as an instru¬ 
ment of marvelous delicacy, the coherer will go down to the ages 
as one of the most wonderful instruments man has ever invented. 
For certain specific cases, under special circumstances, signaling 
with its aid is of immense value; but at present, and unless there 
is some improvement, some modification that does not as yet ap¬ 
pear, its use will be confined to such special cases. 

Me. Geo. M. Mayer: —I would like to ask Mr. Abbott if 
there has been any attempt to use reflectors or similar means. 

Mr. Abbott: —Yes Prof. Hertz showed that it is possible to 
reflect electric waves, and Mr. Marconi has made experimental 
attempts to use them. Electric waves are susceptible of reflec¬ 
tion, refraction and polarization, but the practical difficulty is 
in the construction of the apparatus. Waves, such as we are 
using, vibrate about 200-millions per second, and the wave-length 
varies from a few inches to several hundred feet. ow imagine the 
difficulty of building a reflector large enough to embrace such 
waves: or the possibility of grinding its surface so accurately that 
the wave would not be distorted perceptibly in projecting it 100 
miles, what would the reflector cost ? The Yerkes lens cost 
something like $50,000, and it is forty inches in diameter. What 
would the probable expense of a lens for electric wave be? 
Probably not proportionately as great, but for transmission over 
the same distance, for commercial work, a wire is cheaper. 

Me. Thomas Duxcan:—I would like to ask Mr. Abbott, 
whether anybody has succeeded in getting the wave-length down 
to two and a half inches. 

Mr. Abbott: —The shortest wave-lengths that have been re¬ 
corded, are by Dr. Lodge, and are three to four inches long. 
You remember 1 showed you that the length of the wave was 
equal to three tenths times the diameter of the sphere used on the 
oscillator. By using a sphere small enough, we can reduce the 
wave-length. The electric waves that we are using now, have a 
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rate of about 200'millions per second. Light varies from 450 to 
‘780 trillions per second. Mathematically, if a sphere was used 
small enough, one could get electric waves as short and quick as 
light waves. Then we would have light without heat, but the 
dimensions of a sphere suflSciently small are about what we sup¬ 
pose to be the dimensions of the atoms; and therefore from 
our present knowledge,' light is an oscillatory vibration of 
atomic electric charges, and if at any time we can succeed in 
devising any means for vibrating the electric charges of atoms, 
we shall have cold light, and we shall not have to spend 
ninety-tive pei’ cent, of our coal energy in getting hve per 
cent, of light out of incandescent lamps. 

Mb. Jaivies Lyman: —I would like to ask if the coherers can¬ 
not be made of different sensibilities, so that it would be possible 
to have a set of coherers operating on our vessels that will not 
be sensitive to the users of other oscillators that might be set up 
with the object of preventing signaling, or with the object of 
setting up other signals. 

Me. Abbott :—Yes, and no, in^this sense ; that the sensitive¬ 
ness of the coherer is a function of three things; it varies as the 
capacity, the pressure upon the filings, and the chemical condi- 
dition of the metal. It is conceivable that you can make a coherer 
which will be sensitive to one set of waves and insensitive to 
another set, because a different amount of energy is delivered to 
the different coherer. 

As far as the construction of the coherer is concerned, it may 
be interesting to note that the siiiing of the particles must he 
carefully done. They must be very sharp and of non oxidizable 
metal. Gold, silver and platinum make much more sensitive co¬ 
herers than the oxidizable metals. 

Me. Y. K. Lansingh: —What is the present limit of satisfac¬ 
tory working of the system ? 

Me. Abbott: —They claim in England a distance of 90 miles. 
The longest actual distance that I have known of its being suc¬ 
cessfully worked is something under 70 miles. 

Me. Lansingh: —How rapidly can the key be worked ? 

Me. Abbott:— You can readily see that this sort of apparatus 
must be worked very slowly. The best speed that has been 
attained is about eighteen words a minute. The average trans¬ 
mission is about six to eight words per minute. 

[Adjourned.] 
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[Communicated after Adjournment by W. S. Franklin.] 

I have been much interested in the discussion of wireless teleg¬ 
raphy published in the December number of the Transaoitons. 
Dr. Pupin, as it seems to me has made several erroneous state¬ 
ments in calling attention to the great importance of a small 
logarithmic decrement in the transmitting and receiving circuits. 
In the first place he would have it appear that the logarithmic 
decrement depends mainly upon the resistance of the respective 
circuits, while it is well established theoretically that the dissipa¬ 
tion of energy by radiation is much more prominent in determin¬ 
ing the decrement of electrical oscillations except in those types 
of oscillators which do not radiate to any great extent, which 
types are not suitable for transmitting circuits. In the second 
place the use of successive impulses in the sending circuit for in¬ 
creasing the oscillation in the receiving circuit does, as it seems 
to me, require each successive impulse to be in proper step with 
the foregoing impulse as pointed out by Mr. Mailloux. To 
realize this condition in practice would be next to impossible, and 
it seems to me that we must be content with the oscillations pi’o- 
duced in the receiving circuit by one impulse in the sending cir¬ 
cuit with its trail of decaying oscillations. 

In the third place, the electrical oscillations of a conducting 
staff perpendicular to an infinite conducting plane, are precisely 
the same as the oscillations of an isolated staff of double length. 
Dr, Pupin would have it appear that the staff and plane is a dis¬ 
tinct and much more complicated oscillating system. 

In the fourth place it does not seem that small logarithmic de¬ 
crement is of any importance in determining the range of signal¬ 
ing, for the decrement IS due mainly to radiation of energy and 
the intensity of the oscillations produced in the receiving circuit 
by a few intense waves is about the same as would be produced 
by a greater number of less intense waves representing the same 
total amount of energy, although the receiving circuit would 
need to be more accurately tuned in the latter case to give the 
full effect and therefore, the latter case makes it more feasible to 
realize selective signaling. Also slow oscillations (and long 
wave-length) allow the receiving wire to gather into itself a wider 
band of the passing waves, so that a greater effect would be pro¬ 
duced by a given amount of energy expended in the sending 
circuit. 


The President i —Is there any further discussion of this 
paper? If not, we mil proceed to^^he second subject for the 
evening which is a paper on An Arherican Pacffic Cable by 
Oapt. George Owen Squier.'^ * 




A paper presented at the 138th Meeting of 
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AN AMERICAN PACIFIC CABLE. 


BY GEOEGE 0"WEN SQDIER. 


It is interesting to note that the idea of a trans-Pacific sub¬ 
marine cable was first discussed and considered by the late Cyrus 
W. Field, nearly thirty years ago The scheme of Mr. Field and his 
associates involved a route from California via Alaska and the 
Aleutian Islands to Japan. Since that date, the subject in some 
form has been almost constantly before this country and Great 
Britain. This question has been discussed in the fifty-second, 
fifty-fourth and fifty-fifth Congresses, in each of which effort was 
made looking towards laying a cable at least as far as the Hawaiian 


Islands. 

In a special message to Congress, dated February 10, 1899, the 
President says; 

“ As a consequence of the ratification of the treaty of peace 
between the United States and Spain, and its expected ratifica¬ 
tion by the Spanish Government, the United States will come 
into postsessioii of the Philippine Islands, on the farther shore 
of the Pacific. The Hawaiian Islands and Guam becoming 
United States territory, and forming convenient stopping 
places on the way across the sea, the necessity for speedy came 
communication between the United States and all these Pacific 
islands has become imperative. Such communication should be 
established in such a way as to be wholly under the control of 
the United States, whether in time of peace or of war. At 
present the Philippines can be reached only by cables which 
oass through many foreign countries, and the Hawaiian Islands 

Ld Guam can only be communicated with by steamers, involvmg 

delays in each instance of at least a week. The present condition 
should not be allowed to continue for a moment longer than is 
absolutely necessary.” 


658 
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The idea of a British Pacific cable, connecting the Dominion 
•of Canada with the Australasian colonies, almost from the first 
has been discussed from a national standpoint. Her Majesty’s 
■Government and the colonial governments most concerned', have 
been urged from time to time to consider the matter ’in its 
strategic and commercial aspects. Two colonial conferences in 
1887 and 1894-, were largely occupied with this subject,’ as 
•evidenced by the exhaustive blue books which record their pro¬ 
ceedings. The Dominion Government took the matter up in 
1893-4, and invited the most reputable firms in the world to 
submit estimates for construction-and laying. 

In 1896, Mr. Chamberlain, Secretary of State for the Colonies, 
-appointed a Pacific Cable Commission, which included among its 
members the Under Secretary of State for the Colonies, the High 
Commissioner of Canada and the Agents-General for Mew South 
Wes and Victoria. This committee went into tlie whole subject 
of the practicability, cost, probable revenue, and management of 
the proposed enterprise and elicited a fund- of technical, commer¬ 
cial, and professional information upon cable manufacture and 
cable laying in general, and upon this important project in 
particular, which is invaluable, and which probably could not 
have been obtained in any other manner. At this moment a 
Pacific cable touching only soil belonging to Great Britain is 
•assured, both Canada and Australasia recently having been 
reported as joining with England in pledging themselves to the 
enterprise as a government undertaking. 

The proposed route with surface distances involved, is shown 
on the accompanying map, and is from Vancouver to Fanning 
Island, thence to the Fiji Islands, thence to Norfolk Island, and 
from there bifurcating to Mew Zealand and Queensland. 

^ Since a Pacific cable will at last complete the telegraphic 
circuit of the globe, it will give the peculiar advantage of placing 
each point thereon in cable connection with every other point by 
two distinct routes either east or west. ^ 

The cardinal idea in the British system has been that all state 
-cables shall touch only British soil, and this principle has placed 
Britisli cable traffic in the Pacific forever at a disadvantage over 
the American cable for the reason that the only available route 
involves a single span of cable from Vancouver to Fanning 
Island, over 3,S00 miles in length; whereas, by the annexation 
of the Hawaiian Islands, .the United States, while following a 
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similar principle, will haveno span longer than tlie present Atlantic 
cables, or abont ^,500 miles in length. 

Since the speed of cabling decreases in general with the square 
of the length of the cable, and the speed of the whole system is 
limited by the speed of the slowest span, that system requiring 
the longest single span is ultimately at a disadvantage, provided 
the systems are in direct competition. in the projected Pacific 
■cable enterprises, however, although, as will be pointed out 
later, they will operate in close relations with each other, yet 
each has a sufficient prospective traffic to guarantee the enter¬ 
prise as a sound financial success from the beginning. 


American Cable Routes. 

In the consideration which, from time to time, has been given 
the project of spanning the Pacific ocean by a submarine cable, 
the Northern route, via Alaska, the Aleutian Islands, Siberia, 
and Japan has been frequently proposed. 

In recent years the Pritish Government, in its proposed line 
from Canada to Australasia, first projected this northern route 
owing to the absence, at that time, of information respecting 
the southern Pacific ocean, and the impression which pre¬ 
vailed that physical difficulties existed which offered insuperable 
obstacles to the laying of a cable on a direct route between Canada 
and Australasia. In consequence of this impression it was designed 
to lay the cable from Vancouver to Japan, touching at islands in 
the Aleutian and Kurile groups as mid-ocean stations. From 
Japan the connection with Australasia would have been obtained 
via Singapore and the Eastern Extension Company’s lines of tele¬ 
graph. Through the intervention of the government, nego¬ 
tiations were opened with the view of securing one of the 
Kurile Islands. Japan was asked to transfer to the British crown 
one of these islands in order that the telegraph station should be 
under British protection, and an agent was sent to Washington 
who, after some difficulty, obtained conditional landing privileges 
on one of the Aleutian islands 

Recently there has been a revival of interest in this route, 
especially now that the growing commercial interests of Alaska 
are becoming important. The plan proposes starting from Cape 
Flattery, thence to Sitka, distances (approximate) 803 miles ; 
ihence to Kadiak Island, 682 miles; thence to Dutch Harbor, 
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770 miles ; tlienee to Attn, 810 miles; tlience to tlie Japan- 
Eussian border, 858 miles, thence to the Japaneseland lines, SlO 
miles ; from the Siberian border to the Siberian lines, 617 mile^s ; 
and from Formosa to Luzon, 200 miles; in all 5550 
nautical miles, exclusive of the Japanese system. 

It will be noticed that this series of cables aggrepting 5550 
miles makes no provision for American communication with the 
Philippines, except over the Japanese land lines from the north 
point of Japan to the south point of Formosa, a distance thiough 
a foreign territory of about 1200 miles. Owing to the uncer- 
tainry of the Japanese land lines, which are frequently interrupt¬ 
ed during the typhoon season, particularly in I ormosa, it would 
be necessary, in order to ensure communication, to extend the 
Japanese cable system. Again, the Grreat Noithein Jelegraph 
Company, a Danish corporation, has exclusive lights, not only 
on the Siberian coast but also between Japan and the Asiatic 
coast. 

Apart from establishing telegraphic communication 
j^OTsicju cofitvol' between the United States,the Hawaiian Islandsj^ 
the Philippine Islands and the island of Griiam, the mission of 
an ilinerican Pacific cable should be to bring about a general 
reduction of cable rates. 

On the Alaskan route, a large number of intermediate stations 
must be established and maintained ; and there must be a divi¬ 
sion of receipts wdtli Japan. A message via Honolulu, an inter¬ 
mediate island station and Guam, would reach Luzon by four 
cable transmissions. The Alaskan route as proposed would 
necessitate about hfteen separate stations, of which nearly one- 
half wmuld be under Japanese control. 

Undoubtedly an Alaskan cable will soon be required, and 
apparently also the extension of such a cable system as a means 
of attaining a through line lo the Philippine Islands is an attrac¬ 
tive plan. This plan, however, leaves the United States 
in practically the same unsatisfactory position she is in at 
present in respect to eommniiication with her i'acitic possessions, 
and until deiinite and perpetual concessions are forthcoming, can 
furnish even no guaranty of substantial reduction from the pre¬ 
sent high rates. 

It is believed that no one studying the true present and future 
interests of tlie United states can come to any other conclusion 
relative to an American Pacific cable, than the one so admirably 
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expressed by the President inliis special message to Congress, vis. 
that this cable shall be “wholly under control of the United States.” 

This cardinal idea—the principle also adopted by Great Britain, 
after years of exhaustive consideration—at once excludes the 
northern route for the jirescnt, and limits the route to American 
territory. 

P R'ACT 1 CABiniT Y. 

There is no longer any doubt as to the practicability of the 
Paeilic. (;able project from a technical and engineering point 
of view. A. preliminary survey between the coast of California 
and the Hawaiian Islands was completed by the Navy department 
in 1)S1);2,' showing the entire jiracticability of this part of the 
route. I'etween California and the Hawaiian Islands several ap¬ 
proximately parallel routes are practicable, but the one which 
seems to be favored by the survey of 1892, as shown in the re¬ 
port of the Hydrographic office of the Bureau of Navigation, is 
a rhumb-line between Monterey Bay and Honolulu on Oahu 
Island. Tlu( U. B. B. Neva, under command of Commander 
Charles Ihdkiut]), U. B. N., has been engaged since April last in 
a surv(n' of the IukI of the Paeilic along the proposed route of 
the cable I'nun tlu^ Hawaiian Islands westward to the Philippine 
Islands and to dapan. A preliminary report of this survey 
recently received, adds gn^atly to the knowledge of this part of 
th(^ Paeilic. and to the data necessary before determining the 
exa<it route of the cable. This survey develops two unusual 
physical features along the route via Midway Island, one of 
thcHii is a submarine mountain, situatiul a short distance west¬ 
ward of the Midway Islands and rising from the door of the 
ocean, having a depth of 2,200 fathoms to within 82 fathoms of 
the surfnc.e. The second feature is one of the deepest submarine 
abysses yc.t fomul in the world, situated about 500 miles east¬ 
ward ofduam and more than 4900 fathoms in depth. These 
and other obstacles which may be found, however, can be avoid¬ 
ed in laying the cable by making suitable detours around them as 
is ordinarily done. 

A Mid-Ookan Jsoand Cabi.E! Station. 

The great decrease in speed and increase of cost consequent upon 
increase of length of a single span of the cable, necessitates a 
landing station, if possible, between the Hawaiian Isl ands an d 

1. See Benato Document 15B, 
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Guam. The longest cable yet laid and in operation is the French 
cable from Brest, France, to Cape Cod, Mass., which is about 
3,250 nautical miles in length, and there is no question that a 
cable .directly connecting Honolulu and Guam could be success¬ 
fully laid, if no practicable landing place between these points 
could be obtained. This single span, however, about 3,650 
nautical miles including “ slack,” would for all time-so reduce 
the through speed of the cable, and so increase the original cost, 
as to warrant unusual expense, if necessary, in preparing and 
maintaining an intermediate station. In this connection the 
large amount of technical evidence given before the British 
Pacific Cable Committee relative to the Vancouver-Fanning 
Island span, which is practically the same extreme length of 
3,600 nautical miles, and of the utilization of Fanning Island as 
a station, are valuable as showing entire practicability. Although 
both Wake and Midway islands, which have been proposed as 
stations, are lo%v atolls, rising but a few feet above high water 
and with little to sustain human life, yet either of these places 
is equal, if not superior, to Fanning Island. Further careful 
surveys will be necessary before the exact route west from the 
Hawaiian Islands to Guam can be finally determined. For¬ 
tunately for this enterprise, the annexation of the Hawaiian 
group brought under the sovereignty of the United States eleven 
or twelve small, rocky or sandy islands extending to the north¬ 
westward about 1,800 miles from»Honolulu. These must be 
surveyed and considered from the cable standpoint before a 
final selection of route can be made. 

The distances in nautical miles along two provisional routes, 
including ten per cent, for “ slack” in laying, are as follows; 


San Francisco to Honolulu... 2,286 miles. 

Honolulu to Midway Island...1,254 

Midway Island to Guam .2,523 “ 

<jruam to Dingala Bay, P. 1.1,496 


Total via Midway Island.7,559 

San Francisco to Honolulu.2,286 miles. 

Honolulu to Wake Island....2,205 ‘ ‘ 

Wake Island to Guam.. •. .1,435 ‘‘ 

Guam to Dingala Bay, P. 1.1,495 “ 


Total via Wake Island....7,422 ' 


In Appendix I. are shown the great circle and rhumb line 
distances involved, and the geographical positions used. 
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Cost, Maintenance and Operation. 

The cost of laying* cable depends mainly upon the materials 
used in its construction, and therefore fluctuates with prices cur¬ 
rent. The outer coverings are much the same in all specifica¬ 
tions, according to the conditions of the case, but the copper 
conductor and the gutta-percha insulation vary with the speed 
reiiuired over the cable. Since the length of the longest section 
oi the proposed Pacific cable is approximately equal to each of 
several of the Atlantic cables, the type of the cable to be used for 
this section, and the speed obtainable are subject to a close 
estimation. 

Of the eleven cables spanning the north Atlantic, the 
Anglo-American Company’s cable laid in 1894, and the Com¬ 
mercial Cable ('Company’s cable No. 8 laid also in 1894, have the 
greatest spciuls. The former contains (>50 lbs. of copper and 400 
11)8. of gntta percha, and the latter 500 dbs copper and 320 lbs. 
gutta peridia per nautical mile. Either of these types of cable 
would give good results and no cables of less equivalent speed 
should be considered. 

d’he following (*.oTiservative estimate is made from the evidence 
obtainable relative to the establishment of this enterprise by the 


government on a sound tinancial basis: 

MAINTI3NANCK AND UkI>A 1II PlUl AnNUM. 

Auniial ( 3 Xp(UiH(\s of two cable repair ships.$200,000. 

Annual expense for new e-ablo, assuming entire cable to be 

replaced in 40 years, or 200 miles per year,. 200,000. 

Working expenses,. 125,000. 

H.(»sei’Vo fund, and iutereston cajatal,. 400,000. 

Tol.al iKit (‘aniings of cable required.$925,000. 


'riiis provimon foi' laying 200 miles of new cable per year 
slioubl perpetually inuiiitain the value of the cable as an asset, 
and tlm resHorve fund further provides that the entire capital 
shall be replac.ed at the end of fifty years, or what is equivalent, 
that a siid<ing fund shall he established, which, at the end of 
fifty years will he suflicient to lay an entire new cable in addition 
to tlu) permanent maintenance of the original one, so tliat at the 
end of fifty years, two working cables will be provided for. 

1’aking average conditions for long cables ten years ago, the 
annual expenses for maintenance and repair, e. y., for new cable 
ro<pnred, etc., and not including the fixed expenses such as 
the repair ships, was about per nautical mile. The great 
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advancement in cable manufacture since has reduced tlie average 
repair rate materially, but assuming this rate as it then averaged, 
the total charge to this item is practically the same as that given 
by the independent supposition above. 

At present there is no tirst-class cable ship in the world flying 
the American flag and which would therefore be under the 
control of the United States in time of war. It should be the policy 
of the United States, whether the Paciflc cable is laid by the govern¬ 
ment or by a subsidized company, to require that two complete 
cable repair ships, one, at least, also capable of laying long 
cables, equal to any yet constructed for these purposes, and fly¬ 
ing the American flag, be stationed in the Paciflc ocean. 

Speed. 

The speed ” of a cable is a somewhat loose expression and 
depends upon the voltage used, the particular apparatus em¬ 
ployed in working the cable, as well as the design and construc¬ 
tion of the cable itself, and the skill of the operators. Besides, 
there is a considerable margin between a speed which will do for 
press matter in ordinary plain language, and the speed permitted 
for code and cipher messages. 

“ Speed’’ expressed in words per minute is misleading, since 
five letter words are frequently taken as the basis, whereas in 
actual practice a telegrapliic word averages about eight letters, 
the increase being due to code words, and the omission of many 
conjunctions and prepositions when messages are sent in clear. 
A better method of expressing speed in cabling is in standard 
letters of a certain number of signals each, transmitted per 
minute, so that experienced operators can certainly and easily 
read them. The practical speed is the proportion of the maxi¬ 
mum speed which remains after deductions are made for the 
words transmitted for which no revenue is received, on account 
.of service prefixes, etc., repetitions, errors, corrections, necessary 
interval between messages, administrative messages connected 
with traffi.c, etc. In determining the deductions from the maxi¬ 
mum speed to obtain the practical speed in paying words per 
minute there is little evidence at hand. In the perfected man¬ 
agement of the Atlantic cables where keen competion exists, 
this “ dead” traflic has been reduced to sixteen or seventeen per 
cent, of the whole. For a Pacific cable an amount of “ dead” 
traflSc as great as 30^ at first is estimated, and this could probably 
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be redaced in successive years as it lias been in the Atlantic 
traffic. Assuming 30^ for dead” traffic, and an increase of 90^ 
of speed for duplex working it is estimated that the maximum 
capacity of the cable in total paying code words, of eight letters 
each, would be about 11,800,000 per annum. The cost of 
maintenance and operation, etc., as above being $925,000 per 
annum, the average cost of transmission per telegraphic word is 
about .08 cents. 

In connection with speed of cabling it may be said that the 
opinions of the best cable experts in the world as to the theoreti¬ 
cal speed obtainable from a given cable over a given distance 
differs so widely as to inspire caution in making all estimates. 

The present commercial rate from Washington to ilanila is 
$2.38 per word, Government rate $2,255 per word, and the rate 
for right-of-way” messages three times the normal rate. 

It is seen that at the present commercial rate to Manila, after 
allowing for present land rates to San Francisco, the proposed 
cable is required to operate less than fifty minutes per day in 
order to earn the income of $925,000.00 per year. Allowing 
the present rate to be reduced one-half, the cable would have 
to work less than two hours daily. If the rate per code word, 
of an average of eight letters, is placed at fifty cents from San 
Francisco to Manila, then, upon the above supposition, the cable 
need operate daily less than four hours to meet expenses. 

Assuming the cable to be interrupted as much as one-quarter 
of the entire time, the figures above still appear striking. 

The desirability of the cable from an economic standpoint 
seems unquestioned. The Secretary of War says in his annual 
report: 

The cable tolls of the War Department messages alone to 
and from the Philippines for the last five months have averaged 
monthly a rate of over $325,000.00 a year.” 

This alone equals the interest at three per cent on the sum of 
$10,845,000. It is reasonable to assume that the despatches of 
the’other departments of the Government would at least increase 
this amount by one-quarter, which would make the present 
Government cable tolls to and from the Philippines equal to the 
interest at three per cent, on approximately $13,500,000. Fully 
00^ of this sum goes to foreign corporations while all Pacific 
cable expenditures would remain in the United States. 
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advaBcement in cable manufacture since has reduced the average 
repair rate materially, but assuming this rate as it then averaged, 
the total charge to this item is practically the same as that given 
by the independent supposition above. 

At present there is no first-class cable ship in the world flying 
the American flag and which would therefore be under the 
control of the United States in time of war. It should be the policy 
of the United States, whether the Pacific cable is laid by the govern¬ 
ment or by a subsidized company, to require that two complete 
cable repair ships, one, at least, also capable of laying long 
cables, equal to any yet constructed for these purposes, and fly¬ 
ing the American flag, be stationed in the Paciflc ocean. 

Speed. 

The “ speed ” of a cable is a somewhat loose expression and 
depends upon the voltage used, the particular apparatus em¬ 
ployed in working the cable, as well as the design and construc¬ 
tion of the cable itself, and the skill of the operators. Besides, 
there is a considerable margin between a speed which will do for 
press matter in ordinary plain language, and the speed permitted 
for code and cipher messages. 

“ Speed” expressed in words per minute is misleading, since 
five letter words are frequently taken as the basis, whereas in 
actual practice a telegraphic word averages about eight letters, 
the increase being due to code words, and the omission of many 
conjunctions and prepositions when messages are sent in clear. 
A better method of expressing speed in cabling is in standard 
letters of a certain number of signals each, transmitted per 
minute, so that experienced operators can certainly and easily 
read them. The practical speed is the proportion of the maxi¬ 
mum speed which remains after deductions are made for the 
words transmitted for which no revenue is received, on account 
.of service prefixes, etc., repetitions, errors, corrections, necessary 
interval between messages, administrative messages connected 
with traffic, etc. In determining the deductions from the maxi¬ 
mum speed to obtain the practical speed in paying words per 
minute there is little evidence at hand. In the perfected man¬ 
agement of the Atlantic cables where keen competion exists, 
this dead” traffic has been reduced to sixteen or seventeen per 
cent, of the whole. For a Pacific cable an amount of dead” 
traffic as great as 30^ at first is estimated, and this could probably 
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telegraph and cable letter service at rates comparable with pre¬ 
sent postage rates will be realized througliout the world, with 
its consequent revolutions in business and social methods. Time 
has an international money value. The fastest mail express, or 
the swiftest ocean mail ship, are as naught compared with the 
velocity of the electrical impulse which practically annihilates 
any terrestrial dimension. As the distance increases, electricity 
surpasses steam in a continuously increasing ratio. In the case 
of a message to be sent across the street, probably there is no 
more eflacient and satisfactory method than by a mail delivery 
messenger, but if this message is to be sent half way around the 
earth, the minutes required by the telegraph run into weeks and 
months by the slow process of the mails. Steam time is directly 
a function of the distance to be traversed, and from the nature 
of things must require twice as long to go two miles as one. If 
•then the cable saves six days between Europe and America, it 
will save more than twice this time between America and the 
East, and is from this point of view correspondingly important 
and necessary. Since electricity so far outstrips any other 
known vehicle for transmitting intelligence it must eventually 
carry all the important information and practically take from 
the present mails more and more of the most urgent letters. 

Continuous Use of the Cable Peoposed. 

With a Pacific cable in operation, and possessing such 
immeasurable advantages over the mail, how can any manage¬ 
ment be entertained which does not aim at the use of the cable 
continuously to its fullest capacity ? Cable property is peculiar 
in that it does not, like mechanical machinery possessing moving 
parts deteriorate with use, and its life is not therefore dependent 
upon the amount of traffic transmitted. The ordinary manu¬ 
facturing plant is usually not operated continuously because the 
coal consumption, the wear and tear of machinery, and the extra 
expense of employees—combined with the state of orders re¬ 
ceived, do not present a sufficiently attractive economical prop¬ 
osition. But a large cable property presents unique conditions 
from a purely business standpoint. The bulk of the^ capital in¬ 
vested is buried under the sea, and much the largest item to be 
earned is the interest on the capital. A 2000-mile line requires 
but two operating stations, and the annual expense of a few 
clerks who actually operate the plant, forms a comparatively iu- 
significant part of the total annual expense. 
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In the estimate of Mr. Alexandcn Su^niens npon tin* Lritish 
Pacific cable in a paper at Ottawa in ISU I, hut bJp <d Ido loial a,n- 
niial ex|'>en8e was for operating stall proper, and Ibis also providcid 
for more than double tlie usual wages, in considtn’alion of tlui iso¬ 
lated positions of the mid-ocean st.afions. Add to this tlie lael that 
what ordinarily corresponds to ('oal consumi)tion Jmre consists 
of a few electric batteries, and is l.htnadore pj-actically nib a,nd 
also the fact that using the phint cajises no dctmnoration, and tlu3 
logical business comdiision is reacdnal that ocean <*ables sin odd 
be kept busy continuously. Eviuy hour tlnw remain idle is ho 
much service absolutely lost. Pn^simt (aible tariils nnmso high 
as to force to idleness fora consid<U'ahhi portion ot eaidi twtmty- 
foui‘ hours all of the long ('abl(‘S oi tin* worhh In ad<lition the 
Atlantic cables arc pra(dically sih*nt one <lav in seven. 

In defense of th<^ prc^scnt nianau'<‘nient, too oiten unjustly 
criticized, it is snbiuititnl that <*ahl(^ pi‘operty on tho whole has 
been ])articnlarly haza-rdons a;nd inn*(‘rtain ; repairs oiten m(»st 
expeiisive, and a pnnhmt m:inagt‘nu‘nt has M*<piired large sinking 
funds and reserves. FurtlH‘!*iiior(‘, tln‘ n(*<*es.sar\ t rallie arrang(i' 
ments retpiircd with (*o-opm*ating or <*onip«‘iing cnmpatiios oslab« 
lisb precedents and form (h)ligations imt easv to •.inid<udy 
cduinge. ddic whole of (aiblo* history does ind yt‘t cover lifly 
years, but tlie skill and (‘xpmdmn'e of tln^ largt* eable maaiufiuo 
furors in England have hroiighl this induslrv to mteh a state* <»f 
perfection that the laying of a 2tHMt niih* oeean cable, nr its 
repair, in fathoms, is no long(*r (‘oiisidered a partieulurly 

ha.zardouH undertalving. In fact, in the lH»g;inning\ eable rates 
had to be high, and although then* has Iteen a steady deer(‘nHo 
in rates to the prt^Hiuit, as the i(*c!mieal side of the birdne-H has 
become more stable and (‘(*rta,iu, yet it is belit*vcd that tin* time 
lias now arrived when a more ext(‘nsive (‘lavdficatioit iind rctiuc 
tion can lie iiiaugurahal witli advantage both to patrom-ainl to 
revenues earned. 

As a practical imauis for <»peraiiug the calde eontimioiisly, it 
is a natural suggt^stion t.o ('lassify the t.raflie «dTered nnd tcdalc 
liab dillercntial rah^s therefor as is now nniverMilty done on land 
lines. The same (aiuses whiidi have (*HtahltHhed night raleH on 
land am much more potent in casi* of ocean telegrupliy where 
the time gained and tlie capital invested per mile is enormously 
greater. It is simply a matter of paying for time. 'Flic slock 
axcharige message where mimites are valuable sliotild la* cliarged 
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the highest rate, while the press and less urgent business mes¬ 
sages should be classified and paid for according to the time 
limit called for in delivery. Since the only other competitor in 
the Pacific is the mail steamships where the minimum time is 
over two weeks, it should be easy both to create new business 
and to draw from the mails as desired. In handling certain classes 
of messages it can be distinctly agreed to deliver only within a certain 
number of hours or a week or even establish a low Sunday rate 
for certain classes of matter, and still arrive much ahead of letters 
sent by mail. If we have no less than four classes of matter in 
the present mail system by steam train, why not a classified 
service for an ocean cable postal system where the reasons for it 
are more potent ? 

For the fiscal year ending June 30, 1898, the amount of mail 
matter, letters proper, excluding all other forms of mailable 
material, carried in mail steamers from the United States across 
the Pacific Ocean for Japan, Hong Kong, Shanghai, Manila, 
Singapore, Cochin China, Java, and Siam was about 10,91:8,661 
grams, representing about-1,156,176 letters. From the United 
States for Hawaii, 3,495,442 grams, representing about 369,072 let¬ 
ters. This reveals the appreciable proportion of the Pacific trajffic 
which stops at the Hawaiian Islands, being from the above figures 
about 25^ of the entire trafiic which in 1898 left the United States 
for these countries. These figures are instruct! ve as indicating that 
in considering the through trans-Pacific cable, the Hawaiian traffic 
is not entirely to be ignored, and that of the entire length of the 
cable, the span between California and Hawaii will continuously 
be required to carry a materially greater portion, and will, there¬ 
fore be the first span requiring duplication. 

Assuming as above that the carrying capacity of the proposed 
cable be equal to that of the best Atlantic cables for corres¬ 
ponding lengths, it is of interest to obtain in a general way the 
amount of traffic which can be handled across the Pacific under 
a management which ensures the cable being used continuously. 

The proposed cable should possess a carrying capacity each 
way per annum of about 5,900,000 code words of eight letters 
and this allows 30^ of the entire amount as waste or non-paying 
traffic. This means, of the 1,156,176 letters which in 1898 were 
transmitted to Japan, Hong Kong, Shanghai, Manila, Singapore, 
Cochin China, Java and Siam, this entire number could have 
been transmitted by cable, allowing for each communication 
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about five ^vords of ei^lit letters each. Since the use of code 
books for cable messages has so much increased that practically 
all cabling is now transmitted in this manner, we can reasonably 
take one word equivalent to five by their use, so that each com¬ 
munication above referred to is equivalent to twenty-five words 
of average length. 


Means for Duplication. 

All important sub-marine cables should be duplicated as soon 
as possible. Cables are always liable to interruption from a 
variety of causes, and the interruption of a single line necessarily 
suspends all communication. The protection of the patronage 
requires duplicate lines if for no other reason. 

An adequate plan for a Pacific cable should consider means 
for the duplication of the line. In this connection an examina¬ 
tion of the Pacific ocean, and the route of the proposed British 
Pacific cable from Yancouver to Australia, suggests a span of 
cable of international value. Reference is made to the desir¬ 
ability of connecting Hawaii and Fanning Island with an Anglo- 
American cable, operated by the governments concerned, under 
rules mutually acceptable. A common interest should lead to 
the linking together of these two great ocean telegraphic routes 
in the mid-Pacific. 

With this single span of cable laid, which is but about 960 nau¬ 
tical miles in length, or but of the length of either of the 
main lines, it results that each country has practically ensured its 
line against a total interruption until such other duplicate lines can 
be laid as the growth of the business will undoubtedly warrant* 

Thus in case the British cable between Canada and the mid- 
Pacific should be interrupted, it would only be necessary to route 
the British business for Australia, arriving at Vancouver,—over 
the United States land lines to California to be transmitted over 
the United States cable to Hawaii, thence over the international 
span to Fanning Island, and on to Australia via the -British 
line ; or in case the American span to Hawaii is interrupted, the 
United States can likewise reach these islands and the East by 
routing traffic to Vancouver for transmission to Fanning Island, 
and thence to our trans-Hawaiian cable also via the international 
cable span. 

In a similar way, in case any section of either through cable 
is interrupted beyond the Hawaii-Fanning span, the urgent 
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United States traffic can be routed from Hawaii westward via 
Australia and thence to the East, or the urgent British business 
can reach Australia via Manila. 

It is believed that such a living and equitable arrangement 
can be eflPected in the working of these Pacific cable systems as 
would afford security to each and result in mutual traffic advan- 
tages to both enterprises. Thus there is no reason why the 
present Atlantic cable system and the United States land systems 
should not eventually serve as material feeders to and from 
Australasia, and likewise the British and Canadian systems 
supply an appreciable traffic to the Philippines and the East. 

Cable Connection with the Samoan Islands. 

The interests of the United States in Samoa will be more 
clearly defined by the acquisition of sovereignty over the island 
of Tutuili now reported probable. In this connection another 
branch of cable is suggested, which the United States could 
properly assist. As shown upon the accompanying map, a span 
of cable but 650 miles in length connecting Fiji with Apia^ 
would thus join the Samoan group to the main British Pacific 
cable route and furnish cable connections for the three govern¬ 
ments interested, viz. England, Germany, and the United 
States.. 

Conclusion. 

After several years of comparatively little advance, the tech¬ 
nical and scientific side of telegraphy has received mnch attention 
during the past two or three years, until at this moment there 
is no other special branch of electrical engineering which is 
more in evidence or promises more for the future. 

By whatever method the first Pacific cable is ultimately laid, 
and provided that it shall appear that all of the projected cable 
cannot be manufactured and laid in the United States within a 
reasonable time, it seems plain that the encouragement of Ameri¬ 
can manufacturers in the building up in the United States of a 
deep sea cable industry of the first-class is a wise policy for this 
Government. 

The successful completion of the submarine cable across the 
Pacific will mark an epoch in the telegraph history of the world. 
After thirty years of consideration—technical, commercial and 
political—the end of this century sees this great enterprise at 
last seriously undertaken. The full influence.which it will exert 
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upon the ‘Western Hemisphere and the world in general is not 
easily appreciated. Strategically, the importance of this inter¬ 
colonial communication and its preservation are very great. 
However, the Philippine question should not overshadow the 
larger question—the Eastern question—in the consideration of 
this project. Important as the cable will be as a means of join¬ 
ing the Philippine archipelago to the United States, its larger 
importance will ultimately be in the future of the commercial 
d.evelopment between the United States and the East. In the 
broad extension of the Pacific trade consequent upon the com¬ 
pletion of the Isthmian canal and the development of steamship 
lines plying the Pacific, the telegraph cable will naturally be¬ 
come an important factor. The trans-Pacific steamship lines are 
heavily handicapped by the absence of a direct means of tele¬ 
graphy between the ports embraced in their routes. Situated 
on the main trade routes leading from the Isthmian canal to 
Asiatic ports, the Pacific cable will serve as a powerful adjunct 
and support to this enterprise. The two go hand-in-hand and 
are mutually closely related. It can be stated that there is 
scarcely any point in the world where there is greater need for 
a central cable station than in the Hawaiian Islands. Geographi¬ 
cally situated at the military and commercial strategic position 
of the IsTorth Pacific ocean, it will ultimately serve as the dis¬ 
tributing center of ocean communication between the two hemi¬ 
spheres, as well as to various island groups of the Pacific. 

As to the probable trafiic to be immediately expected there is 
little direct evidence at hand, since the waters spanned have never 
before been crossed by a submarine cable. Taking $150.00 as 
the average earning power per nautical mile of the long cables 
of the world as a basis, this project should prove a paying 
investment from the very first, but it is believed that this 
estimate, based upon the average of cables will prove under 
rather than above, experience, particularly as this route will 
immediately enter as a competitor for European trafiic via the 
Atlantic cables and United States land lines. The immediate 
effect of the trans-Pacific cables will be to lower the rates to the 
East, since European trafiSic will be open to competition, east and 
west, and the new Western route, due to the long spans and 
comparatively few repetitions will have an advantage. 

A. short span of cable of about 200 miles between Luzon and 
Formosa connecting with the Great Northern Telegraph Com- 



1899 .] 


8QUTBR ON AMERICAN PACIFIC GABLE. 


669 


pany^s route tlirough Siberia and also between Luzon and a 
Chinese port will bring Japan and China into direct connection 
not only with the Nortli American Continent, but also by two 
competitive routes east and west with Europe. In fact, the lay¬ 
ing of the Pacific cable should operate to readjust the present 
cable through-tariiT rates throughout the world upon a lower basis. 

Appendix No. 1. 


PROJECTED PACIFIC CABLE. 
Distances in Nautical Miles. 

(United States Coast and Geodetic Survey.) 


PROVI.SIONAL ROUTES. 

Great 

Circle. 

Rhumb 

Line. 

Great Citcle 

Distances-t- 

10 per cent, 
slack. 

Great Circle 
Distances -f- 
15 per cent, 
slack 

S m Francisco to Honolulu ... .. 

2078.43 

2086.8G 

2286.27 

2390.19 

Honolulu to Midway Island. 

1130,98 

1140.95 

> 253*97 

1310.97 

Midway Island to Guam. 

22vy3,64 

2299.25 

2523.00 

2637.68 

Guam to DiiiRalu Pay, P. 1 . 

1359*95 

1360.50 

1495.94 

1563*94 

Totals. 

6872.00 

688 7.5 6 

7559 *>8 

7902.80 

Sati Francisco to Honolulu. 

2078.43 

20S6.86 

22S6.27 

2390.19 

Honolulu to Wake Islarul. 

■2004 27 

200B.2 3 

2204.69 

2304.91 

Wake to Guam... 

1304.43 

1305.08 

1434*87 

1500.09 

Guam to Dingala Bay, P. I. 

J 359 i 95 

1360.50 

1495.94 

X 563*94 

'fotalH,..... 

6747.08 

6760,67 

7421.77 

7759.14 

Guam to Yokohama.. 

1348.05 

1348.12 

1482,85 

iS 5 o *«5 

1 mile= 18511.25 inetn^s or 6080.2 ,f 

oct. 





GEOdRAFiuCAr. Positions Adopted. 


San Fran<us(u>, California, Fort Point, Goltlon Gate. 

Honolulu, Hawaiian Lslanda, Harbor Light. 

Midway Island, or Brooks Island, Welles Harbor. 

Wake Island, center. 

Guam, Fort Sta. Cruz, San Luis do Apra. 

Dingala Bay, Luzon Island. 

Yokohama, Japan, English Naval Storehouse. 

The nearest point of tho main land from Honolulu is Point Arena, next 
1^01 nt Eoyos, next Point Sur, Califoimia. Taking the positions of the light¬ 
houses the distances to Honolulu are as follows; 

From Point Arena.2045.7 Nautical Miles. 

Point Reyes.2057.5 “ 

Point Sur. 2078.4 ‘‘ 
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As evidence of the importance of particular secret manipulation during 
manufacture, independent of the weights of materials employed, and the 
measured k. e. of fche finished cable, Messrs. Siemens Brothers & Company- 
have lately issued a table of Trans-Atlantic cable speeds from which the fol. 
lowing data is taken : 


TRANSATLANTIC CABLES. 

Tabular Statement of actual and calculated Speeds. 


Date 

when laid. 

Designation of Cable. 

Length 

in 

nautical 

miles. 

Type of 
core of 
Deep i^ea 
cable. 
Lbs. per 
nautical 
mile. 

K. R. 
Ohm 

X 

Micros 

farads. 

Speeds 
actually 
obtained 
in regular 
working. 

5 letter 
words. 

Calcula¬ 
ted speed 
if lengths 
1,860 naut. 
miles. 

Calculat’d 
speed 
if lengths 
1,850 naut. 
miles and 
core 
650/400. 

.873 

Anglo- American. 

1876 

Cop. G.P. 
400/400 

3 919 




1874 

Anglo-American. 

1837 

400/400 

3*512 

20.2 (a) 

19.9 

28.2 

187s 

Dir’t United States. 

2423 

400/360 

7*558 

22.6 (b) 

38,6 

70.2 

1 1879 

Pouyer-Quertier. 

2242 

350/300 

6.600 

22 (c) 

32.2 

59*8 

1 1866/80 

Anglo-American. 

' 1852 


4*632 




1 1881 

Jay Gould. 

2318 

350/300 

7*834 

21.5 {al 

39*8 

69.4 

: 1882 

Jay Gould. 

2563 

350/300 

8.030 

21.5 (6) 

41.2 

71.2 

1884 

Mackay-Bennett (S). 

2353 

350/300 

6.740 

26 

42.0 

72.3 

1S84 

Mackay-Bennett (N). 

2346 

350/300 

6.630 

26 

41.8 

71.2 

1894 

Mackay-Bennett(3rd.', 

2161 

500/320 

4.671 

40 (g) 

54*6 

77.2 

1894 

Anglo-American. 

1850 

650/400 

2.420 

47*4 (e) 

47*4 

47*4 


(a) Report of Engineers, Messrs. Clark, Forde & Co., to fche Manager of fche 

■Anglo-American Telegraph Co., dated June 25, 1877. 

(b) Report of Engineers, Messrs. Clark, Forde & Co., to the Manager of the 

Direct TJnited States Cable Co., dated June 25, 1877. 

c) Report of the Engineer-in Chief, Mr, von Ghauvin, to the Pouyer-Querfcier 

Cable Co., dated June 15, 1880. 

d) Report of Dr. Muirhead to Mr. von Chauvin, Representative in London of 

the Western Union Telegraph Go., dated July 10, 1883. 

( (i) Special trial of code words, 18 words per minute ) mean 
■< (ii) Press messages, usual rate, 25 “ ** j 21.5 

( (iii) As many as 135 letters per minute have been observed to 
pass at times without requiring repetition. 

(e) “Electrician” dated October 12, 1894. 

(g) From a letter from Mr* G-. G-. Ward, Vice-President and General Manager 
of the Commercial Cable Co., dated May 10, 1895. 
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Appendix No. 2. 

Teans-Pacific Telegeaph Cable Spevet. 

\From AtiThiiOil R&povt of Chief of theBtiveOjiiof Equi’pmeTd,. Nfcboy Beptwt^iient. 

November, ’99. 

A practicable route for a submarine-telegraph cable was 
established between San Francisco aud Honolulu some I’ears 
ago. 

In order to continue the survey of the route from Honolulu 
to the Philippines, the II. S. S. itero, under command of Com¬ 
mander Charles Belknap, U.S.N., was very thoroughly fitted out 
and equipped for deep sea exploration at the navy-yard, Mare 
Island, during the early pai-t of the present year. The Nero is 
a large steam collier purchased for use during the late war, and 
on account of great steaming radius was admirably adapted to 
make the survey. After a careful consideration of the subject, 
it was decided that the best route westward from Honolulu to 
the Philippine Islands was by way of the Midway Islands and 
Ouam, landing the cable at a convenient point on the east coast 
of Luzon as near as possible to the latitude of Manila. It was 
also decided as desirable to survey a route from Guam to Yoko¬ 
hama. Elaborate instructions for the survey were prepared. 
The plan of thp survey, which is represented on the accompany¬ 
ing chart, consists in carrying direct lines of soundings, taken at 
alternate intervals of 10 and 2 knots, from Honolulu to the 
Midway Islands, thence to Guam, and thence to Luzon, and 
also from Guam to Japan. The return course to be pursued is 
a zigzag line passing back and forth to equal distances on each 
side of the route followed in going to the westward, with sound¬ 
ings at intervals of 20 knots at the turning points. 

The Nero sailed from San Francisco for Honolulu on the 22d 
of April. She sailed frona Honolulu to commence her work on 
the 6th of May. On the 22d of May she had completed a 
single line of soundings to the Midway Islands, by July 4 to 
Guam, and by August 1 to Luzon. 

Along this route, which is 4,812 knots in length, 853 sound¬ 
ings were taken. The characteristics of the bottom soil and the 
temperature of the surface water were observed at each sounding 
station, and these, together with the meteorological record and 
the frequent observations of specific gravity, bottom tempera¬ 
ture, and the currents of the ocean, besides their value in laying 
a submarine cable, will form an important contribution to the 
physics of the Pacific ocean. 

Two offsets from the projected great circle route between the 
Midway Islands and Guam were found to be necessary in order 
to avoid obstacles to a successful laying and operation of a tele- 
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graph cable. The first of these obstacles encountered is a sub¬ 
marine mountain situated a short distance westward of the 
Midway Islands and rising from the floor of the ocean, which 
here sinks to a depth of 2,200 fathoms, to within 82 fathoms of 
the surface. The second obstacle is one of the deepest sub¬ 
marine abysses yet found in the world, situated about 500 miles 
eastward of Gruam, and sinking to a depth of more than 4,900 
fathoms. 

Eeports have been received of the preliminary line of sound¬ 
ings from Honolulu to Luzon, and they indicate that the route 
which is being surveyed will prove entirely practicable. 

Ho reports of the soundings taken on the return trip or of any 
soundings from Guam to Yokohama have been received. 

Owing to illness, Commander Charles Belknap, U.S.H., was 
relieved from the command of the Nero at Manila by Lieut. 
Commander H. M. Hodges, U.S.H. 

The expenses of this survey, so far as this Bureau is concerned^ 
has been entirely defrayed from its current appropriations. 
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Drscussiox ix New Yoek. 

The Peesidext: —Gentlemen, we have listened to a very in¬ 
teresting paper upon a very fascinating and interesting subject, 
no less a subject than the only gap which exists in the electrical 
fence around the world, and the question as to how that gap shall 
be filled and who shall till it, is one of very great importance to 
everybody concerned, to ourselves as electrical engineers and to 
the nations who dwell upon the sides of this great gap, as citi¬ 
zens of the world. 1 hope that the discussion upon this subject 
will be as interesting as the paper to which we have listened. 

Me. Heebbet Laws Webb Mr. President, I have listened 
to Capt. Squier’s paper with a very special interest, because 
cable-laying is inv first love, and however circumstances may 
drift you apart, I think it is always pleasant and grateful and 
interesting to hear of one’s first love. 

I may "say that I think there is very little to debate in Capt. 
Squier’s paper except where he raises debatable points. Those 
occur in_ connection with the traffic, with the proposed working- 
in a continuous manner. As regards the feasibility of the scheme 
itself, I think there is no question at all in the minds of sub¬ 
marine cable engineers, especially as regards the American 
route; and even as to the more ambitious British route, firm offers 
have been made to lay the whole series of cables, includino- 
the long Yancouver-Fanniug section, so that it is quite eviden° 
that the most experienced engineers do not fear any difficulty, 
either on account of the great length of the section or on ac¬ 
count of the great depth of watei- encountered. The average 
depth of water is rather greater than the average depth en¬ 
countered in other oceans. But the improvement in the manu¬ 
facture of submaiine cables, the improvements more particularly 
in the manufacture and protection of the sheathing, and the im- 
j)rovement in the art of cable repairing have caused the fears 
that existed about ten years ago with regard to a depth of 
3000 fathoms to have disappeared from the minds of practical 
cable men. So that as regards the feasibility of either scheme, 
I think we all agree with Capt. Squier that there is at present 
no doubt whatever. I think that the American scheme is very 
uiuch the preferable one on account of it having a much shoi-te'r 
tlistance for its longest span than the British scheme. There 
is no doubt that the great length of 3500 miles that would be 
required in the section between Yancouver and Fanning would 
seriously limit the speed of the whole series of cables. That 
difficulty does not exist with the American scheme, where the 
longest section is something under 2500 miles—no longer than 
several of the present North Atlantic cables. Then T think 
the American scheme has the further advantage oi going to 
the Hawaiian Islands, which is already an active center of trade 
and is no doubt destined to become of a great deal more im¬ 
portance than it is at present. 
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IVliere 1 ratber take issue with Capt. Squier is in the pro¬ 
posal that the cable should be worked as a government insti¬ 
tution. I think that practically the only argument in favor of 
that proposal is that the government can ^raise money at a 
lower rate of interest than a commercial companv. The \'ery 
aiooiint of capital required for the Pacific cable has no doubt 
deterred private capital from establishing it up to the present time. 
There are numerous capitalists in this country who have been anx¬ 
ious to lay the cable; gentlemen who have had good experience 
in managing cable properties; but they are not quite willin^>' to 
incur the entire risk, and have refrained from active measures 


pending some assistance from the government. But I think 
that as a general rule, and my experience, which extends over 
a few years, and into quite a number of different countries—is 
that the telegraphs and telephones do not flourish under g’ov- 
ernment management. I am not quite sure that even "the 
post-office, which has become by a sort of divine right a govern¬ 
ment monopoly in all countries, would not furnish us a better 
service if it were run by a commercial company or by commercial 
companies in competition. I rather think, even in'this country, 
if commercial companies were operating the post office service, 
we would get better results than five days for a letter and 
its leplj^ bet\yeen iNew 'iork and Chicago, or three days be¬ 
tween isew Tork and Boston, and I think that a letter written 
^ and^ posted in New Tork would sometimes be 

delivered in New York on the same day. If you go into other 
countries, in^ Europe—I should incline to make an exception of 
Cleat Biitain, because I think the British telegraph service is 
about as good as yon can find anywhere—but in the continental 
countries I think that the government management of both 
telephones and telegraphs does not give as good results as com- 
pan\ management,^ which still exists as regards telephones in 
one 01 two countries of Europe, and, strangelvenough, which 
exists in one country as regards the post-office. It was rather 
a surprise to me to find only a few months ago in a country 
where the government is most rigid in its monopoly of means 
of commiimcation, that there was a company operating a post- 
office in some of the biggest cities. In Berlin, and I believe 
1 ''"f’ 1 rIS a company running a post-office service 
T letters in competition with the Impeiial 

post-office charing lower rates and furnishing a more rapid 
Impenal post-office feels the competition of this 

“If / , measures to buy it out, and 

s olieiinij to lower the rates of postage for local ikters in the 

office bSness! complete monopoly of the post- 


iNow when it comes to the proposal of 
continuously, of providing such rates as to 
amount of traffic to fill up the cable the 


operating a cable 
attract a sufficient 
entire time—Capt. 
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Sqiiier reckoned on a traffic of some five million words a year 
each way—I think he overlooks two or three characteristic points 
of cable traffic. He evidently counts, by his comparison with 
the mails, on attracting a large amount of purely personal, private 
messages. JTow I think it may be taken almost as an axiom 
that the urgency of private communications varies inversely as the 
distance that you are apart. Private messages as a rule, private tele¬ 
grams,refer either to making appointments or to breaking appoint¬ 
ments or to making excuses for not keeping appointments. They 
are generally addressed by people who are close together,who are in 
the same country, within a few miles of each other, or in the 
same cityn I think the large majority of private telegraph 
messages are caused by the people who send them having to^'meet 
shortly, or having met shortly before, or not having been able to 
meet; the message of congratulation and similar communications 
probably make up a very small proportion of the total number of 
private telegrams, hlow it seems to me that when you get away, 
when you are separated by the sea, there is very little occasion 
to send urgent private messages. As a rule, the urgent private 
messages that go b,y cable are on matters of life'^and death; 
you would send those anyhow, no matter what the cost was, and 
I don’t think a lowering of the rate will induce any very large 
increase of private messages. You cannot imagine the ordinary 
letters that people write to each other when they are separated by 
the sea being condensed in any possible manner so as to go in a 
cablegram. I happen to have relatives all over the world and it 
seldom occurs to me to write at all to the most distant ones, and 
certainly it never would occim to me to send them a telegram at 
any price. That is my experience and 1 think it is largely that 
of others. 

Then 1 think it is overlooked in this proposition that the great 
difference in time between places separated longitudinally by 
the oceans causes even business messages not to be of great ur¬ 
gency as regards Ac If I am in an office say in I^ew Y^ork 
and get a telegram from London requiring a reply, if that comes 
in in the middle of. the day it makes no practical difference 
whether I send the reply during the remainder of the working 
day or at night, because it is already four or five o’clock in the 
afternoon in London, and it makes no practical difference whe¬ 
ther they receive a business telegram at that hour in the after¬ 
noon or the next morning. So that if there was a night rate, a 
lower rate during the night, I think the majority of business 
telegrams would be kept for that night rate, and that wmuld of 
course apply very miich more in the ease of a Pacific cable,where 
the difference of time is much greater. Between ISFew Y^orkand 
Manila the difference of time is eleven hours, so that what is our 
night is practically their day and if there were a night rale it would 
simply mean that all the business messages which have to go 
anyhow* would go at night, instead of going in tbe day. I 
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think that is the reason why no night rate has ever been in¬ 
stituted by the Atlantic cables. Yon could not have a liner op¬ 
portunity for experimenting with rates and adopting different¬ 
ial rates than in the Atlantic cables. There are practically no 
two countries in the world where private and social relations are 
so intimate as between England and America and there are prob¬ 
ably no two countries where the business relations are so close, 
and it seems to me if it were possible to differentiate the rates 
other than by the ordinary difference between press and busi¬ 
ness messages and government messages, if it were possible to 
introduce a night rate for purely private messages which would 
yield a profitable result I think it would have been done al¬ 
ready. 

Me. T. E. Hug-hes :—There is one question I would like to ask 
Capt. Squier in connection with his suggestion of having a connec¬ 
tion betw^een the proposed British cable and the proposed American 
cable, what influence would it have oti the operation of the Amer¬ 
ican cable if the English cable be under government contro- 
and the American cable under the control of a corporation ? 
It occurs to me that there is a point there that is decidedly 
in favor of American government control.' For instance, if there 
should be any difficulty between the nations in the far. east, 
they might arbitrarily exclude American messages; but if 
by treaty our business could be switched around on the 
English cable a condition would arise to protect our interests, 
while under a commercial control such condition could not 
exist. 

Again, the gentleman who has just addressed us takes up 
the discussion of a differential rate. While possibly his re¬ 
marks apply in so far as a night rate and a day rate may exist, 
yet taking our business with our extreme Pacific possessions— 
the Philippines—where we are under a two-weeks’ delay or in 
other wmrds two wrecks to reach them other than by cable, it 
occurs to me that a sliding scale would operate decidedly in 
favor of the operation of the cable. In other words a cable¬ 
gram to be delivered to Manila subject to delay of one, 
two, three, four, or even five days could be transmitted at a 
mere nominal cost as compared with the instantaneous delivery 
and still make a ten day issue in favor of the use of the 
cable. 

Another point arises as to whether there is any data extant 
as to what revenue could be anticipated on operating an Ame¬ 
rican cable as to its commercial revenue as compared with what 
we know (and the author has so exhaustively given us) the 
United States government is to-day paying. *In other wmrds 
what percentage of the entire amount of business beings done 
with our Philippine possessions, does that represent ? If the 
government’s contribution is fifty per cent., of course we can 
see that the net revenue to a commerciaf corporation, • or the 
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government itself, wouJcl be double. I am interested as to 
whether such data is available. 

Capt. Squiee : — In answer to Mr. Hughes' remarks I will 
say in regard to the other data that it has been a great deal 
of trouble to get this data together and we have written to the 
press all over the country a circular letter asking them to give 
us an account of their Philippine business. We know what 
rate t 'ey pay. I have not given it, purposely in this article, 
because I do not care to at this time. We asked them provided 
thev are at perfect liberty to do so, to furnish us with infor¬ 
mation of what their cable bills are monthly for the last six or 
seven months. As I say, it is difBcult to get this together and. 
unfortunately now I have not it at hand. It is coming in 
gradually and we hope to have something before very long 
—not what will be done but what is being done now. We 
know what the government is paying. It is paying approxi¬ 
mately a thousand dollai’s a day in cash to foreign corpora¬ 
tions for messages. There is no question about that, for we 
have counted the words. We also know that the short span 
of cable about six hundred miles long from Hong Ivong to 
Manila, the cost of which could not have been more than 
half a million dollars, is now earning seventy-live cents a word 
for every word that goes over it, and that is three times the rate 
to Europe, and is the interest on three and a half million dollars, 
enough to lay a whole Atlantic cable. This company had from 
Spain a cable right to land in the Philippine Islands, and that is 
the price they are exacting now. The other data, I am sorry to 
say, is not in hand, and the general data that I gave, $150 a mile 
is taken from the average earning power of all the long cables of 
the world. I believe that to be a very low estimate. I have 
merely given it for what it is worth. I have no doubt, from 
what I can learn, that this enterprise will be a paying enterprise 
from the very beginning, and particularly if it is a government 
enterprise, because the government can do it cheaper than any 
one else. It can borrow money chea23er, and is not required 
to earn any dividends at all, simply earn the interest on the 
money and keep the plant maintained as a permanent asset, 
making prudent provision for a sinking fund, which I have en¬ 
deavored to make here in this table given on page 659. 

In regard to the other points that were brought up—in regard 
to diiferential rates, I have been unable to come to any other 
reasonable conclusion than the one that a cable, particularly a 
Pacific cable, should be operated all the time. I cannot see any 
reason for not operating continuously, for the reasons which I 
have given in this paper, that the operators sit there, and it 
practically costs nothing more to maintain it than if you did not 
operate it. You have to keep the cable ships, etc. The cable 
does not deteriorate by sending messages, and it does not harm it 
in the least. If the cable is idle for an hour, it is an absolute loss 
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to the world. I would say, send to the press for nothing rather 
than allow it to be idle. It is a case of a ten million dollar plant 
idle for four or five hours in the day, when it doesn t cost any 
more to use it than it does not to use it.^ But if it is a govern¬ 
ment enterprise, with all of our soldiers in the Bhilippines, and 
people blockading Washington to get information, if there are 
an)" idle periods, I am sure they could be used to advantage to 
communicate with the Philippines. It is really pathetic to 
witness the large amount that is charged to send a iew words to 
the Philippine Islands, wdiich is now being fillcd^ up with our 
relatives and friends, whom we wish to communicat:e with. I 
remember one particular instance, in the last day or two, where, 
at the end of four days, a father had spent something like 
$100 to find out whether a bullet had gone through his son's 
body or not. This is an actual case, and such cases ar(‘ ocemrring 
now all the time, and the rates are prohibitive and absolutely 
limit the kind of traffic. The difference of time between the 
countries that has been mentioned—of course, that is understood 
very well. It is well known on any long cable, hut yon ha-ve 
such a leeway in the time. Your only competitor is a. mail ship, 
which requires two or three weeks, and the objection that patrons 
would all take the night rate, or the chea]) rate, seems to uui 
erroneous. 

Of course when you attempt to establish a HcricHof dilbnaniitial 
rates, as indicated, you would probably first got it wrong. Yon 
might guess at it, and say for class INo. 2 the rate will be lialf 
what the maximum rate is. You might allow on the back of the 
blank, three or four hours for delivery. In other words, readjust 
the rates frequently until you find out what is tlu^ (uxaxd s<*bcMluIe 
of rates that would fill the cable continuously. Hindi a series of 
rates would be easily found. We might oven classify trafln^ into 
ten or twelve diflerent classes, if necessary. We hav<^ now four 
classes in the mail matter on the steam train btdwiHUi and 
San Francisco. If we have a single thread between luu’c a,nd 
another hemisphere, I cannot see why we should evm’ h*t it be 
idle at all. I cannot see any reason why it should not be used 
continuously, because you can classify the business in as many 
classes as experience indicates is necessary. You might have 'a 
right-of-way rate, which would be the very Jnglu\st rate, when a 
man wants his message to go at once, and the next rate might, he 
very close to that rate. If you find that they are all taking this 
second rate, you would simply move it up so near the first tliat 
they would not find it sufficiently advantageous; so that 1 should 
think that four, or five, or six difl'erent rates could be adofited, 
and the last would involve say a week's delay, (Jlassify all 
traffic, and when slack time comes send them in their order.* It 
simply uses those idle hours that are no use to any one at pn.wmt, 
and costs nothing except the price of the operating clerks, which, 
as I have shown, is an inconsiderable amount of the total annual 
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expense of the plant. You simply require an iiisignihcant ex¬ 
pense to use a ten or twelve million dollar plant. From a busi¬ 
ness standpoint, it is a most unique set of circumstances. In a 
manufacturing plant you cannot run at all times, because the 
plant wears out, and the coal bill is too large, and you have to 
engage too many more employees. Keferring to the Atlantic 
cables—they are not now operated continuously, but I believe 
they soon will be. I think the reason that this policy has not 
already been adopted in the Atlantic is because of the peculiar 
character of the cable business, and the peculiar history of ocean 
cabling. Fifty years ago it took a good deal of confidence to in¬ 
vest any money in cable business. It was a very hazardous matter, 
and rates had to be very high. It is not easy for an Atlantic 
cable company now to do anything suddenly, even if it wants 
to. They are bound up with tlieir competitors in mutual moral 
obligations, besides legal ones. But in the new field of the Pacific, 
if the cable is run by the government, it can advance and treat 
every one fairly. Treat the land systems perfectly equitably. 
That is, turn over unrouted messages to them in an equitable 
proportion. Have no favor shown any institution, individual, or 
corporation, or any other person, and a government enterprise, 
is the only solution I can see to prevent the extension of present 
monopolies, because any cable system must have traffic arrange¬ 
ments with a land system. A cable is useless without a land 
system at each end, covering the territory that the cable is to 
serve. Therefore take the example of the Pacific. Suppose it 
is laid by a private corporation. That corporation is immediately 
obliged to form some relation with particular land systems. The 
other land lines are, of course, excluded and out of this arrange¬ 
ment; so that what happens is that land companies combine with 
the cable, jnst as it is now—enlarging the present state of affairs 
into a larger organization, which keeps rates so high. So that I 
see no wise solution, except to pnt the cable down in a fair open 
field by the government, treating everybody alike and running 
the cable simply to maintain American commerce itself, not 
to earn dividends. I believe a Pacific cable will lower the through 
rates, and it will probably lower the Atlantic cable rates also, be¬ 
cause, as I could have shown you, the present rate now between 
Europe and the east, via the Great Northern and Japan, is about 
$1.50, as I remember, and over the southern route, by the 
Eastern and China, is something like $1.90. It is in evidence 
before the British Commission that the Canadian Pacific Kailway 
has agreed to lay down messages in Vancouver from London 
over the Atlantic cables for 25 cents. Therefore it can be as¬ 
sumed that we can put English messages in San Francisco for 
25 cents on the through-rate plan, so that if we can put the cable 
part of the message at 75 cents, we would make a $1 rate or 
$1.25 rate, at most, between London and Japan, which will either 
cause the eastern rate to be lowered or else divert the European 
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traffic over the Atlantic cable system. That is why I made the 
statement that if this cable is put down and run by the govern¬ 
ment, I think it will operate to readjust the through tariff rates 
' from the east, because the new route has long spans, few trans¬ 
missions, and few chances for error, and you cannot compete 
with it. 

About ten or twelve years ago all mails used to go east. Finally 
they were diverted west, and the through mails cross the American 
continent, in a large proportion. There are two ways around the 
world, and it is a great advantage to have a competitive route both 
ways. Up to the present there has been only one way, telegraph- 
icaily. By putting this last link in, it is going to make a greater 
difference than any other single telegraph line ever did, because 
it is going to join each point by two routes. 

In regard to the differential rates, I am glad to hear the 
opinions that have been expressed. I have asked a good many 
of the Atlantic cable experts why they do not work the cables 
continuously. It seems a sin to leave a several-million-dollar 
plant idle, when it costs' nothing extra to use it. They might 
give it to the newspapers, so that we could learn something about 
these countries over there. 

I really cannot come to any other conclusion. The difference 
of time does not enter at all, because you classify everything, and 
when the cable becomes idle, put in class No. 2, or No. 3, or 
whatever it is, according to its class. 

I would be glad to hear other views in the matter—it is a con¬ 
clusion that I cannot see a flaw in. 

The I^resident :—The subject, of course, has two distinct 
sides : The engineering side and the commercial side. I think 
as engineers we all agree that the cable can be laid ; it is only a 
question of how much it costs. We all agree that if one cable 
cannot be kept working that with duplicate cables the system, can 
be kept working. In any case we should have in a certain sense 
a duplicate cable on the other side of the world. So that from 
an engineering standpoint there is no difference of opinion at all 
between us except in regard to minute details, as to the ques¬ 
tion of cost, as to question of size of the cables, and as to the best 
positions in which those cables could be laid. When we come, 
however to the question of the commercial aspect, we get differ¬ 
ences of opinion. This aspect of the question has, however, 
been naore thoroughly and more practically studied than even 
the engineering aspect of the question,because it has come home to 
every manager and every administrator of submarine cables 
and of long telegraph lines ever since cables and land lines have 
been initiated. 

There can be no doubt, I suppose, as a broad proposition, that 
a government can raise money on better terms than any indivi¬ 
dual or association of individuals, because its credit is better; 
and moreover a government can also afford to make experiments 
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Upon rates better tban any individual or collection of individuals 
owning a telegraph or telephone scheme. At the present time 
when a corporation, as is usually the case, owns the cable, 
it has no object, primarily, in making high rates. It has 
an object in getting a dividend, and its onW object in plac¬ 
ing the rates high is to enable dividends to be secured. But 
it would be ^ just as well content in cutting those rates in 
half or reducing them to any desired amount if thereby it 
could ensure the necessary dividends to its stockholders. And 
it is a matter of experience that as you lower rates you 
do not get a corresponding return from the traffic to make 
up for the diminution. Eventually, after the public had 
been educated up to it I suppose that you would and must, 
perhaps, according to logic; but it takes time before the public 
can be educated to the greater facility^ and to the use which an 
increased facility places at their command; so that if they have 
only to spend half as much money per word, to teach them to 
spend twice as many words. JNo doubt it would come in time. 
But during that time the dividends of the stockholders are falling 
oS and the cry is to the managers This thing must not be. You 
must put the rates up again,” and the rates go up. 

IsTow when the government owns a system it U possible, of 
course, for them to say, ‘‘Wait a while; we will educate the 
people up. We can afford to wait until we have educated them 
up.” And in that way there is, perhaps, a signal advantage in 
government control of cables and long telegraph systems. But 
otherwise I quite agree with Mr. Webb that upon the broad 
principles of finance and competition, private ownership 
is preferable. I think that the plan of filling .the cable with 
traffic as Capt. Squier suggests, while it is eminently proper— 
is rather more utopian than practical. In the first place there are 
many cables at the present time, long cables, that are busy day 
and night. I do not allude particularly to the Atlantic cables, 
because the condition of traffic, the ebb and fiow of business 
between the two sides of the Atlantic is such as determines the 
rushes and periods of relaxation. But take the cable system of 
the world as a whole, and I know some cables where the opera¬ 
tors do not stop except for relief. There may be exceptions 
occasionally, and, of course, Sundays are usually slack days; but 
I think it unsafe to say that long cables at the present time 
remain idle. 

Then, if you are going to experiment down to the point at 
which you are going to fill your cable up on working days, on 
Mondays, Tuesdays and Wednesdays, on Saturdays when a foot 
ball game occurs you will be so crowded that you will not get clear 
for a month, and it is necessary to keep your traffic in hand so as 
to keep leeway as a reserve for rushes. 

From a standpoint of general policy, no doubt Capt. SquieFs 
position is right. The proper way to operate a cable is, theo- 
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retically, to beep it fully occupied with traffic. Theoretically he 
is right, that we should have low rates and learn to send all our 
messages at any time, private or public, that way. It is a mat¬ 
ter of habit, and it is a matter of cost. If it were cheap enough 
we would all send our letters that way, no doubt. It would take 
a little time to learn how to do it. The difficulty has been that 
at existing rates if you lower them you cannot make a dividend. 
If the government is going to give a helping and educational 
hand we would all be benetited to that extent. 

Dr. M. I. PupiN:—Mr. President, I am rather surprised, that 
in view of the fact of our having discussed here last month the 
possibilities of wireless telegraphy, that nobody should have men¬ 
tioned this evening the possibility of settling this whole cable 
question by wireless telegraphy. You know that there is a great 
deal of discussion in the newspapers about the Western Union 
getting a permanent cable monopoly to Cuba. It seems to me that 
the Western Union having a cable monopoly to Cuba, suppose you 
arrange to telegraph from Key West‘to Havana which is only 
about 90 miles; by wireless telegraphy, you would get around it. 
I think you could telegraph just as fast by that means as you can 
telegraph by a cable. It is simply a question of a little bit of 
work, a little bit of experimental refinement. I have but little 
doubt after thinking over this matter, that before long we shall 
be able to telegraph by wireless telegraphy over 1500 miles. 
Now if you can do that~I say if yoii can—just think of the 
possible changes in communicating between continents. This 
wireless telegraph is only in its infancy and it seems to be a very 
vigorous infant—growing very rapidly. 

There is a distance of about 2400 miles between San Francisco 
and Honolulu. There you would have a relay station; another 
relay station between Honolulu and the other island, and for the 
rest you can do it without relay stations. Now Capt. Squier 
proposes two cable ships; one at the Philippine Islands and one 
at «an Francisco or at Honolulu. Why not use these cable 
ships as relay ships. It seems to me that 1500 miles for wireless 
telegraphy is nothing so very serious. I think it was in view of 
the fact that wireless telegraphy is going to be a very important 
factor, and growing so rapidly, that it is quite proper for me 
to mention the bringing of wireless telegraphy into this verv 
problem, 

Mr. J. H. IIallberg- :—I read with much interest a short' 
article in the Westeim- EleotTioian of December 23d, 1899, which 
seems to further assure us of the possibility of long distance wire¬ 
less telegraphy. It is claimed in the article, that Prof. Eeginald 
A. Fessenden and his assistant, Prof. Kintner, in the electrical 
laboratory of the Western University of Pennsylvania, have 
produced a receiver for space telegraphy, which is two thousand 
times more sensitive than the coherer of the Marconi system. 

Dr. Pupin Two thousand times ? 
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Mr. Hallberg .-—Yes, two thousand times. And, it was 
further stated that it may be possible to send messa^^es, through 
the medium of this improved instrument, across the Atlantic, 
with poles less than 200 feet high. 

Capt. Squier --yl might say that that is just what the govern¬ 
ment is now considering for service between Key West and 
Cuba, also between Cuba and Hayti, across the TV^indward pas- 
sage, and then across the Mona passage to Puerto Rico. 

Mr. Hughes : If the President will excuse me, there is one 
more point. ^ Has the author made any computation as to what 
amount of time is consumed in sending the one thousand dollars 
a day messages on our Pacilic business, in minutes or hours ? We 
are spending a thousand dollars a day on our Pacific telegrams: 
how many hours or minutes does that consume? 

Capt. Squier : I don’t know how long they take to send them. 

Mr, Hughes , I "would say off hand, from rough figuring 
that probably it does not represent more than an hour a day. 
Allowing margin then of an increasing business of twenty to one, 
we then have four hours left for the influx of an abnormal in¬ 
crease m business. Consequently it seems to me that is a very 
vital point on the part of the author that we have a ten million 
aoliar plant there that we operate only one twenty-fourth of its 
woimng capacity. If w© reduce our rates to a commercial basis 
which will admit of an increase of twenty to one, we still then 
haveone-tifthof the working capacity of the cables left for an 
influx of increased business on the part of the government or 
otherwise, which proTes, I think, very conclusively that a differ¬ 
ential rate of tolls of traffic is one of the strongest points in favor 
of the government operating that business. The government 
can demcmstrate just exactly what would be the correct ratio as 
to the sliding scale, and it would represent an enormous revenue 
to a commercial corporation to protect themselves to prove the 
case before it is practically demonstrated. It very forcibly 
^lows that the government is the only one that can take the 
racifae cable and work out the problem that is yet unsolved 
[Adjourned.] 


[ Communicated, After Adjournment, by Mr. Herbert Laws 

Webb.] 

As the discussion on Capt, Sqnier’s paper reached into rather 
Jate hours, I submit a few further remarks in writing. I am by 
no means an opponent of low rates, but I do not believe that 
i 3'ny possible rate would tempt the traffic 

that Capt._ bqmer reckons with. To consider the traffic that 
occurs during the existence of war as bearing on the results ohtain- 
able year m and year out in the commercial working of a lono- 
cable is like gauging the yearly traffic of the Broadway cars an3 
the elevated railway from the traffic of New Year’s Eve when 
tens of thousands of people set out to drown the chimes of 
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Trinity Church, that on other nights of the year never even 
think of a church. In war time neither government depart¬ 
ments, enterprising newspapers, nor private individuals liaving 
relatives at the front, count the cost of cabling. But in the pip¬ 
ing times of peace, government, private and press messages, col¬ 
lectively, count for a very small proportion of the total traffic of 
long cables. That traffic is made up almost entirely of business 
messages, and under any arrangement of rates the character of 
that traffic will not change to any appreciable extent, for the 
simple reason that no steady demand for cable communication 
comes from any other than purely business sources.. Business 
messages will go over cables no matter what the rates, and when 
rates are lowered more business messages will go, but only a cer¬ 
tain amount more, because the supply even of business messages 
is limited. As was pointed out by the President, it has been 
found in certain cases that rates could be lowered too far—that 
the traffic did not respond to the cheaper rates. 

Capt. ISquier seems to have misinterpreted my reference to the 
effect on the traffic of the difference in time between places 
joined by long cables. The difference in time has the effect of 
making the majority of business messages non-urgent, as pgards 
hours. For one hour in the day the stock exchanges in New 
York and in London are open together, and that results in a flow 
of messages for a few hours in the day that are urgent as to 
minutes^ and produces what’ is probably the quickest telegraph 
service between any two points on the globe. But with the 
majority of business messages there is no such extreme urgency. 
Many business telegrams, in the ordinary course of affairs, ate 
sent from New York in the afternoon, that is, after business 
hours in London, and are delivered in London either late at night 
or the next day. If there were a night rate, or any sort of de¬ 
ferred rate, these messages would be held until night, to secure 
the lower rate, and would be just as efficacious as they now are at 
the full rate. Between America and the Philippines the case is 
still stronger. There is no stock-exchange traffic, and by reason 
of the greater distance,the infrequency of mail departures and the 
complete separation of business hours, not one message in a 
thousand would be urgent as to hours, and practically the whole 
traffic would avail itself of a night rate, or of any sort of deferred 
rate that might be instituted. The mails between New York 
and the Philippines vary from four to six weeks in transit, so that 
even the preposterous suggestion of cablegrams marked to be 
delivered in three days would suit the purposes of a large pro¬ 
portion of business messages. No cable manager would want to 
have anything to do with classes of messages to be delivered in 
one, two or three days from the date of origin. Such messages 
would cause more trouble and confusion than twice the number 
dealt with in the ordinary way. But there is no doubt that even 
a three-day-on-the-way cablegram between points six weeks apart 
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bj mail would serve the purpose of much of the present traffic, 
and a cheaper rate for such a service would simply have the effect 
of diverting a certain amount of traffic that would ordinarily pay 
the full rate into the three-day-delay class. 

Theie are many things for which a certain and steady demand 
exists, but ^for which a very large demand could not be forced, 
even if prices were reduced to practically nothing. A wide¬ 
spread demand cannot be created for that for which the majority 
of people have no use, even if you offer to give it away^. In the 
\yords of a famous American, it is a condition and not a theory 
that will confront the management of the Pacific cable, and in 
spite of the keen interest at present taken in Philippine affairs, 
that condition will not differ in the long run from tliose that 
govern the operarion of other long cables. 



688 


POSaiBILlTIES OF WIRELESS TELEGBAPHT. [Nov. 22. 


[OOMMIOTICATED BY M. 1. PuPm IN EePLT TO PeOE. PeANKLIN.] 

[See page 651.] 

Professor Franklin quotes four erroneous statements in my 
discusBion. I shall consider these in order of importance, 
beginning with the least important. ‘ T-he_ electrmal oscilk- 
tions,” says Professor Franklin, “ of a conducting staff perpendi¬ 
cular to an infinite plane are precisely the sai^ as the oscilla¬ 
tions of an isolated staff of double length. Dr. Pupin would 
have it appear that the staff and plane is a distinct and much 

more complicated oscillating system.” ,, , , i j u 

This is a very sweeping statement and should be bacKea up by 
a reference to the authorities on which it rests. Besides the oscil¬ 
latory system which I discussed is not correctly stated by the Pro¬ 
fessor. It is an infinite horizontal conducting plane with a verti¬ 
cal staff forming a part of it, then an air-gap, and then another 
vertical staff. The air-gap is the center of disturbance, it the 
learned Professor means that the oscillations on such a sj^^ni are 
the sameason an isolated wire consisting of the vertical staffs above 
the horizontal plane plus two other vertical staffs below the hori¬ 
zontal plane ot the same length as the two staffs above the 
plane, then, in my humble opinion, he is wrong. If he does noc 
mean that, then 1 fail to see the point of his criticism. 

in the second place,” says Professor Franklin, the use of 
successive impulses in the sending circuit for increasing the os¬ 
cillation in receiving circuit does, as it seems to me, require each 
successive impulse to be in proper step with the foregoing im¬ 
pulse as pointed out by Mr. Mailloux. To realize this condition 
in practice w’ould be next to impossible and it means to me that 

we must * ^ ^ ^ • 

It is evident that the resultant of two waves is greater than 
any one of the two components unless the difference in phase 
between them is considerably greater, than a quarter of one 
period. ISfow a simple consideration will sliow that if we com¬ 
municate to a conductor several series of waves, these series 
succeeding each other at equal intervals of time, that the waves 
thus set up in the conductor will continually approach the in¬ 
coming waves in phase. In fact the phase equality will be 
reached very rapidly. But in order that the waves already set up 
in the receiving conductor should be aiding the incoming waves 
in phase equality is not at all necessary. All that is required is a 
phase difference smaller than a quarter period. This tendency 
of the waves set up in the receiving wire to get into step with 
the incoming waves may be called the accommodation of phase 
and may be easily demonstrated by a few simple force parallel- 
lograms. « . . 

In the fourth place,” to quote again Professor Franklin, it 
does not seem that small logarithmic decrement is of any impor¬ 
tance in determining the range of signaling. ^ ^ 
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Well, I am not aware that I ever said that it was. Why then, 
accuse me of an offence of which I am not guilty. All the virtues 
I claimed for waves of small decrement is a power of producing 
strong resonance and, therefore, selectivity. 

I come^now to the last offence which is charged against me. 

In the first place,” says Professor Franklin, ‘‘ he would have it 
appear that the logarithmic decrement depends mainly upon the 
resistance of the respective circuits, while it is well established 
theoretically that the dissipation of energy by radiation is much 
more prominent in determining the decrement of electrical 
oscillations except in those types of oscillators which do not 2 ’a- 
diate to any great extent. ^ 

IJnless I am much mistaken, Professor Franklin is evidently 
mixing up things which do not belong together. That which is 
well established theoretically is simply this : If electrical oscil¬ 
lations are set up in a particular way in certain conductors like a 
sphere or a short cylinder then the damping due to radiation is 
verjMnucli greater than that due to the heat losses produced by the 
ohmic resistance of the material of which the oscillators are 
made. The two particular ways of excitation which the theory 
succeeded in solving are these: {ct) Sudden destruction of an elec¬ 
tric field, (5)''sudden destruction of a magnetic field in which the 
oscillators are placed. These two ways of starting electrical 
oseillatione are entirely difiierent from the way in which electri¬ 
cal oscillations are set up in the case before us. Here a higher 
difference of potential is established between two parts of the 
oscillator, the two parts being separated by an air-space. A 
breaking-down of the air-gap starts the oscillations and the air- 
gap itself becomes a part of the oscillator. We have here a 
heterogeneous oscillator, one part of which possesses a very high 
resistance. Mathematical theory has not succeeded yet in de¬ 
ciding^ how much of the damping in a case of this kind is due 
to radiation and how much to ohmic resistance. It should be 
observed now that this matter will depend much on the fre¬ 
quency of oscillation. The higher the frequency the more 
prominent becomes the damping due to radiation. I have not 
the slightest doubt that with low frequencies such as are em¬ 
ployed in wireless telegraphy and where an air-gap of a good frac¬ 
tion of an inch is employed, most of the damping is due to the 
resistance of the air-gap. The matter is capable of experimental 
test. ^ Take two long 'rods, place them vertically and through 
the air-gap between them pass sparks. At a distance take two 
equal rods and make the air-gap between them minute. See 
now whether you get better inductive effects with a large or 
with a small primary gap. 

According to Professor Franklin, the inductive efl’ects should 
be proportional to ^ the square of the spark length. That 
such is not the ease is shown by Professor Fessenden. If the 
receiving rods are carefully tuned it would be found that the 
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inductive effects, even with short rods, say twenty feet, where 
the freanency is very much higher than the one employed in 
wireless telegraphy are often even better with short sparks 
than with long ones. This would certainly be impossible if the 
damping is due principally to radiation. Why, Marconi him- 
self prefers sparks of quite moderate length to long ones. Now 
if the damping is due principally to radiation why not employ 
long sparks? 

I will state here, however, that in an _ arrangement like the 
two vertical wires used for transmitting in wireless telegraphy 
the principal part of the energy radiated off leaves, in all prob¬ 
ability, the transmitting wire during the first half-oscillation 
immediately following the spark, and the rate of radiation during 
this interval is entirely different from the rate which attains 
after the first half-oscillation. I came to this conclusion some¬ 
time ago, after the date at which this subject was discussed 
before the Institute. I do not think that it will be well to dis¬ 
cuss this matter at present. Suffice it to state that this damping 
due to this initial radiation is an entirely different story from 
the damping which accompanies the stationary state of oscilla¬ 
tions and which Professor Franklin has in mind. 



SAMUEL DANA GREENE. 

Died January 8th, 1900. 


Samuel Dana Greene and his wife were drowned while 
skating on the Mohawk, late in the afternoon of Monday, January 
8th, 1900. They had started to skate at dusk; there was a strong 
unnd blowing, which suggested the use of a skate sail, and when 
last seen alive they were skating rapidly down the river with the 
Their bodies were found in the open water near Freeman’s 

ridge. There is little doubt that owing to the very rapid rate at 
which they were going, they were unable to stop themselves when 
they saw the open strip of water in front. Cries for help were 
heard, and assistance soon arrived, but the rescuers having no ap¬ 
pliance at hand for getting at the bodies, which were some 
distance from the solid ice, valuable time was lost in returning to 
the shore for these. The body of Mrs. Greene was first recovered: 
she was still breathing, but all efforts to revive her failed. The 
search for the body of Mr. Greene was continued down the river 
for an hour or more, without success. The searchers finally re¬ 
turned to the spot -where his wife’s body had been found, and 
there found the other.^ The position of his body and the mark¬ 
ings on his gloves indicated that Mr. Greene had stood upright on 
the bottom of the river, holding his wife’s feet in his hands, and 
keeping her above water as long as possible. This incident was 
characteristic of the man. 

The funeral took place at Schenectady oh the 11th of January. 
There was a short service and prayer at the house, after which 
the bodies were taken to St. George’s Episcopal Church, escorted 
by Company E, Second Regiment, and a detachment of the First 
Naval Battalion, under Lieut. Andrews. The services at the 
Church were conducted by the Rt. Rev. William Croswell Doane 
Bishop of Albany. The pall-bearers were Mr. Greene’s intimate 
friends of the General Electric Company and the Naval Militia. 
The Governor of New York and a number of his staff were 
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present. All business in the city was suspended for the day. 
After the services, the bodies were taken to Bristol, R. I., where 
the interment occurred the next day. 

S. Dana Greene was the son of the late Commander S. Dana 
Greene, who was the executive of the Monitor in her fight 
with the Virginia^ at Hampton Roads, and who succeeded to 
the command after Lieutenant Worden was disabled, shortly after 
the commencement of the engagement. He caine of a family 
which had been distinguished in the history of Connecticut from 
the time of the earliest settlement, and of which various members 
had been in public service at all times down to the present, as 
ofidcers of the army, navy, and in executive positions. 

He was-born on October 24:th, 1864, and consequently was 
35 years old at the time of his death. Entering the IT. S. Naval 
Academy in 1879, during the entire four years there he stood at 
the head of his class, and graduated number one in a class which 
had started with more than 100 members, but of wlrom only 40 
succeeded in graduating. His career at the Academy was a not¬ 
ably successful one; even then he attracted the attention of his 
superiors, many of whom then predicted that his record would be 
one worthy of his distinguished ai:y:‘estry. After graduation, 
July 1st, 1883, and two years’ sea duty, he was commissioned an 
ensign. Obtaining leave of absence, he entered the Sprague 
Electric Railway and Motor Company, in 1887, and resigned from 
the Navy the following year. He did this against the advice of Mr. 
Sprague,who was of the opinion that he would probably regret leav¬ 
ing the service, though such a regret was subsequently never ex¬ 
pressed to the knowledge of his friends. He immediately became 
very active in the engineering department of the Sprague Railway 
Company, of which he became chief engineer in 1888. About 
the first work undertaken was the equipment and operation of 
some storage-battery cars in Boston, in 1887; shortly after this 
he was transferred to Richmond, and was in charge of the ex¬ 
tremely arduous construction of the first Richmond road. Since 
that time he has been connected continuously wdth the corpoi^a. 
tions which have succeeded the Sprague Electric Railway and 
Motor Company—that is, the Edison General Electric Company 
and the General Electric Company. His progress has been one 
of steady promotion from the beginning; in each new position he 
developed new qualities, which made his services of greater and 
greater value. At the time of his death he was the General Sales 
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Manager of the General Electi*ie Coin pan j. The important work 
of the company in all departments, relating to sales and contracts, 
passed through his hands. His friends confidently expected that 
he would become, in the course of time, the chief executive 
officer of that company, if he elected to remain in it. 

As was to be expected from the traditions of his family and his 
own education, Mr. Greene continued to take a great interest in 
the J^aval service. He was one of the earliest and most active in 
the formation of tlie Hew \ork Haval Reserve, having risen in 
this service to the rank of Lieutenant-Commander, his grade at 
the time of his death. During the Spanish-American War, Mr. 
Greene served as executive officer of the Yankee,” to which 
vessel the l\ew T ork IN aval Reserve was assigned, under the com¬ 
mand of Captain Jirownson. At the close of the war he was ap¬ 
pointed Haval Attache on Governor Roosev'elt’s staff. 

Mr. Greene married in June, 1896, Cornelia Chandler, the 
daughter of Rear-Admiral Ralph Cliandler. This marriage oc¬ 
curring only a few years ago, was the termination of a love affair 
dating back to the time of his leaving the Haval Academy. Their 
mairied life was a peculiarly happy one, and their home one to 
which it was a joleasure to go. 

Mr. Greene’s work since leaving the old Sprague Motor Com¬ 
pany has been more that of an executive than of an engineer. He 
has, however, always taken a deep interest in electrical engineering 
questions, and has found time to contribute a number of pajiers on 
engineering topics, particularly those connected with naval matters. 
He has read several papers before the Institute of Haval Archi¬ 
tects, and others before the Hew York Electrical Society and the 
American Institute of Electrical Engineers. He joined the 
American Institute op Electrical Engineers in 189*3, and was 
one of its managers at the time of his death. He at all times showed 
a strong and intelligent interest in the affairs of the engineering 
fraternity. He has recently served most efSciently as a"member 
of the Committee on Hational Electrical Code, and was largely 
i-esponsible for the recent action which has been taken by the 
fire insurance bodies on the subject of grounding. He was a man 
of a kind which is, unfortunately, rare—one who combined 
caieful and correct fundamental notions of engineering metliods 
with strong common-sense and a great executive ability^ He was 
not a great engineer, and never professed to be such; but his 
knowledge of the principles of all engineering matters was very 
extensive and sound. ^ 
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The estimation in which he was held by those who knew him is 
well shown by the following testimonials, which have appeared 
in print since his death : 

His place in the class of naval cadets at Annapolis, to which 
he belonged, was so high that he might with confidence have 
looked forward to the highest preferment in a service to which he 
was devoted, yet he manfully gave up his chance of being an 
admiral because he could not see his way to remaining in tlie 
Navy without encroachiug upon his mother’s slender income. In 
after life, when he had become a successful business man, he al¬ 
ways cherished the earliest object of his awakened ambition, 
though he never openly expressed regret that he had followed 
what seemed to him to be the path of duty. 

“In his business carreer he climbed the ladder of promotion by 
self-denying, diligent and honorable service, respecting himself, 
respecting his employers, and respecting the work which fell to 
his'hands” to do. In his intercourse with his official superiors, 
equals and subordinates, as well as with his customers and the out¬ 
side world, he was tactful but truthful; reserved but sincere; 
often cordial but never familiar; prompt, energetic, and accurate 
in discharging his multitudinous duties. 

“ To find his attitude on any given question which might arise, 
one had only to determine what would be the view of a tolerant, 
impartial and honorable spectator—liis zealousness for his com¬ 
pany’s advancement never betrayed him into sharp practice, he 
gained universal esteem by his uprightness, and held it by his 
serenity.. 

“To this man, at the early age of 35, had come a splendid 
position in the business world, official recognition of his energy 
and ability as a volunteer defender of the state and nation, ample 
means and a charming home, in which was enshrined a woman in 
every way worthy of him. To-day they seem ‘ but as yesterday 
when it has passed, and as a watch in the night.’ 

“Yet their lives, and more conspicuously his, are full of en¬ 
couragement and fruits. In these days, when men so often con¬ 
sent to lower their standard of business integrity for the sake of 
gain, it is well to bear in mind that S. Dana Greene has left his 
chosen vocation in life at the call of duty and achieved success, 
and some measure of fame in necessity’s field with ideals intact 
and wfith untarnished honor.” 

“ Mr. Greene was a strong man, and full of mental and physi¬ 
cal energy. He was keenly and continuously interested in every¬ 
body and everything. He was a broad and generous-minded mail, 
and seemed to remember people because of something pleasant 
and wholesome that he knew about them. He remembered 
things because he saw something in them that could be utilized in 
the direction of general advancement. Anything new appealed 
to him instantly, and he was quick to take it up, if it showed 
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merit. At the same time his judgment and conservatism were of 
a high order, and he^ was equally prompt in dropping a useless 
idea. At the head of a large body of men, he set an example of 
industry and application to duty that was an incentive to all. No 
one appealed to him with any problem in vain. With a tempera- 
ment that was exceedingly even and kind, full of helpfulness and 
hopeiuluess, he was one of the most coinpauionable, sympathetic 
and lovable of men. He occupied a position in the General 
Jilectric Company and in the friendship and interest of central- 
station managers all over the country that was unique, and can 
never be filled by any other man. To those who have known him 
101 a half-score of years, his death is a personal affliction. Such 
friends can but be filled with inexpressible grief.” 

Xiieuteiiant Greene was one of the most lovable characters I 
ever met in my life. He was always a stanch and true friend, 
and while a strict disciplinarian, he always knew liow to acquire 
the Jove and regard of his associates and of all under his direction, 
f ne electrical fraternity ha.s lost in him one of its iriost prominent 
members. 


riiioughout the electrical field the personal and business poii- 
nianty of Mr. Greene was remarkable. Uniting with the moat 
perfect integrity hi business matters, a cordial manner and a 
personal charm, which endeared him to his associates, Mr. Greene 
r^resented the highest type of the young American man of 
affairs. _ His untimely death will cause sincere and widespread 
regret in all departments of the wide field with which he was so 
prominently identified. To his business associates, Mr. Greene’s 
death is a great and irreparable loss.’’ 

+• ^ name of historic association. ISotli his 

father and grandfather rendered to their country distinenislied 

T-t?’’ and by mhnre he 

came to that nobility that imposes obligation rather than confers 

privilege, and he was ready and constant in the recognition of tlie 
obligation. Graduating at. the head of his class at tl.e Maval 
Academy, he decided against the pursuit of his profession in 
times of peace, but was prompt to offer bis services in time of 
uT’attention to the development of 
the State Haval Eeserve. His scientific and administrative 

iM'whfehTeTi 

hich he was engaged, but liis mteres-t never flagged in matters 
o public concern, for which his training prepared him Any 
emergency would surely have found him ready Cut off in th'e 
pnme of his young manhood, under circumstances peculiarly dis¬ 
tressing, his loss will be widelj- and sincerely regretted.” 

C. T. H. 


Nbw Yobk, February 33d, 1900. 
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OBirUARY. 


ALEXANDER STRATTON. 

Born November 14th, 1872. 

Died October 80th, 1899. 

Alexandeb Steatton tras born in New Aork City, on No- 
vember 14tli, 1872, and was educated in the public schools, taking 
a full mechanical course in the College of the City of New 
York, graduating in 1892. He took a post-graduate course in 
electrical engineering at Columbia University, graduating in 
1894. He was elected an Associate Member of the Institute, 
March 20th, 1895. 

After graduation, he spent two years .with the Crocker- 
Wheeler Company, at their works, in Ampere, N. J., and in 
1896, entered the employ of the ‘‘CandC” Electric Co , at 
(xarwood, N. J., as a designer of machinery. 

In 1898 he had an attack of pleurisy, which greatly weakened 
him, and during the winter of 1898-9, he contracted a severe 
cough, which growing steadily worse developed into consump¬ 
tion, so that in the spring of 1899 he was compelled to-give up 
work, to a considerable extent, and endeavor to recuperate. He 
went to Liberty, Y., where his health temporarily improved, 
but the loss of his little child caused a relapse and he went to 
Colorado. Finding the altitude too great, he returned to Liberty 
in September, where he died on October 80th, 1899. 

Mr. Stratton was an able, faithful engineer, continuing his 
regular duties long after his physical condition demanded a rest. 
While enjoying the contidence of his employers, he was also be¬ 
loved by all W'ho were in any way associated with him, and his 
cheery presence will be missed by many. 
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Girard Bldg., Philadelphia, and 
56 McGill Bldg., Washington, 
D. C. 


r • 

J A May 21, 1895 
I M Feb. 26, 1896 


Gibbs, Lucius T. Asst. Engineer, U. S. Navy Dept., ( A Mar. 25, 1896 

Washington, D. C. ( M Feb, 17, 1897 

Gifford, Clarence E. Electrical Engineer, Walden Ave. f 

Niagara Power Transformer Sta- J A May 16, 1893 
tion, Buffalo Ry.; residence, 308 j M Feb. 21, 1894 
Prospect Ave.. Buffalo, N. Y. I 


Goldsborough, Winder 


Elwell, M. E., Professor of Elec¬ 
trical Engineering and Director of 
Electrical Laboratory, Purdue ^ 
University, 1x3 South St., Lafay¬ 
ette, Ind. 


A Mar. 21, 1893 
M Jan. 25, 1899 


Goltz, William Badt-Goltz Engineering Co., 1504] A Oct. 27, 1897 

Monadnock Block, Chicago, III. ( M Feb. 23, 1898 

Gossler, Philip Green Electrical Engineer, Royal Electric] A June 20, 1894 
Co., 94 Queen St,, Montreal, P.Q. ( M June 24, 1898 


Gray, Dr. Elisha Electrician and Inventor, 106 Sud-] A Feb. 16, 1892 

bury St., Boston, Mass. ( M May 17, 1892 

Gutmann, Ludwig Consulting Electrical Engineer, ill ( A Sept. 14, 1888 

Chambers Ave., Peoria, 111 . ( M Mar. 2C, 1893 

(n) 
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Name. 

Hadaway, W. S., Jr. 
Hall, Clayton C. 

Hall, John L. 
Hamilton, Geo. A, 

Hammer, Edwin W 
Hammer, William J. 

Hanchett, Geo. T. 

Harrington, Walter E. 
Harrison, Russell B. 

Hartwell, Arthur 

Haskins, Caryl D. 

Haskins, Charles H. 
Haskins, Clark Caryl 
Hasson, W. F, C. 
Hayes, Hammond V. 

Hayes, Harry E. 
Haynes, F. J, 

Heath, Harry E. 
Heinrich* Richard 0. 

( 19 ^ 




^ Address. i;)ate of Membership. 

Electric Heating Engineer, 107 (A Nov. 21, 1804 

Liberty wSt., New York City. j M Oct. 21, 18^ 

Attorney-at-Law, and Consulting 
Actuary, Room 40, Maryland J A April 15, 1884 
Life Building, 10 South St.,]MOct. 21,1884 
Baltimore, Md. [ 

Vallee Bros. Electric Company, 625] A Sept. 22, 1891 
Arch St., I'hiladelphia. Pa. \ M Dec. 20, 1893 

{Treasurer Electrician, Western f 
Electric Co., 57 Bethune St, J A April 15, 1884 
New York ; residence, 532 Morris) M Oct. 21, 1884 
Ave., Elizabeth, N. J. [ 

ElectricalEngmeer,46SecondAve., j A Nov. 18, 1896 

Newark, N. J. ( M June 23, 1897 

Consulting and Supervising Elec- f 
trical Engineer, 922 Havemeyer J A June 8, 1887 
Bldg, 26Cortlandt St, residence, | M July 12, 1887 
153 W. 46th St., New York City. I 

Electrical and Technical Engineer, ( . a 

123 Liberty St., N. Y.; residence ) ^ 9, 896 

Hackensack, N. J. ( ^ ^ 5 . 1899 

Electric Railway Engineer, 200 (A Mar. 17, i8gi 
Market St., Camden, N. J. j M May 19, 1896 

Pres, and Electrical Engineer, Terre ( a ^ . o 
Haute Electric Railway Co.,'*< \ ^ J’ 

Terre Haute, Ind. ( ^ 

Manager Chicago o6Sce, West- f 
inghouse Electric and Mfg Co.; f A May 15, 1894 
171 La Salle Street, Chicago, ] M Nov. 20, 1895 
Ill L 

Electrical Engineer, General Electric ( A 

,8. SI, 


tlectrical Engineer, ttenerai Electric i ^ 

Co., j8o Summer St, ^'^ston,-j 
Mass. ( *' 

Electrician, 70 Lin wood Avenue, j A April 
Buffalo. N. Y. ( M Oct. 

Electrical Engineer, 682a WestJASept 
Adams St., Chicago, III. ( M Mar. 

Consulting Engineer, Judd Building j A Mar. 
Honolulu, H.I. ( M May 

Electrical Engineer, the American f 
Bell Telephone Co., 125 Milk St, J A Nov. 
So. Boston; residence, Cambridge, i M Mar. 

Mass. I 

Asst. Electrician, American Tele- ( ^ ^ jj 
graph and Telephone Co., 22 K ^ 
Th^es St., New York City. ( 

Divisional Telegraph Engineer, f 
Great Western Railway ; resi-J A Dec. 
dence, Belmont Villa, Cheddonl M Jan. 
Road, Taunton, Eng. L , 


t8, 1890 

20, 1894 

15, 1884 

21, 1884 

20, 1893: 

21, 1894 

18, 1890 

15, 1894 

12, 1889 
18, 1890 


:hief EngWfer, Eddy Electric ( A Mar. 
MT's*. CoV, Windsor, Conn, | M Mar. 


MT'g. Windsor, Conn, | M Mar. 

General-Manager, European Weston Y ^ 
Blectrical Instrument Co:, 

Ritterstrasse, Berlin, Germany. ( 


18, 1893 
20, 1893 


21, 1893 
25, 1896 

,r, 1889 
25, 1892 
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MEMBERS 


Name. 


AdiJress. 


^Date of Membership, 


Henshaw, Frederick V. Erecting Engineer,Crocker-Wheeler ( 
Co., Amper.', N. J.. residence,-! 
148 Henry St., Brooklyn, N. Y. ( 


A Feb. 5, 1889 
M Nov. 20, 1895 


Hekdman', Frank E. 


Hering, Carl 

[Life Member.] 


Herrick, Charles H. 


Mechanical and Electrical Engineer, j 
Crane Elevator Co., Winnetka, Til. ( 

Consulting Electrical Engineer, 929 f 
Chestnut St.; Philadelphia, resi-J 
dence, Lehman Lane, German- f 
town. Pa. i. 

Superintendent Isolated, Lighting f 
and Power Dep’t., Edison Electric | 
Illuminating Co., 3 Head Place, 
Boston; residence, 22 Herrick St., | 
Winchester, Mass. L 


A Dec. 18, 1895 
M Oct. 21, 1896 


A Jan. 3, r888 
M June 5, 1888 


A April 21, 1891 
M Jan. 17, 1893 


Herzog, F. Benedict, Pk, D. President, Herzog Teleseme 
Co., 51 W. 24th St., New York 
City. 


A May 24, i88y 
M July 12 1887 


Hewitt, Charles 


Electrical Engineer, Union Traction 
Co., 8oq Spruce Street, Phila¬ 
delphia, Pa. 


A Sept. 16, 1890- 
M May 17, 1892 


Hewlett, Ernest Holcombe Electrical Engineer in Chief ‘1 

Control Rockhampton Gas & Coke [ A Aug. 23, 1899 
Co.,Ltd.; residence Estoril, Rock- f M. Dec. 27,1899 
hampton, Queensland. Australia. J 

Hibbard, Angus S. General Manager Chicago Tele- ( a xt ... ,0 


Higgins, Edward E. 


Hobart, Henry M. 


Editor, Street Railway Journal, 
120 Jdberty St ; residence. 28 
W. 120th St., New York City. 


A June 8, 1887 
M July 12, 1887 


Engineer, care British Thomson- 
Houston Co., 83 Cannon St., 
London, Eng. 


A April 18, 1894 
M Sept. 27, 1899 


Holmes, Franklin S. 


Electrical Engineer, 108 P'ulton St , 
New York City ; residence 348 
E. 12th St., Brooklyn, N. Y. 


A April 21, 1891 
M June 20, 1894 


Houston, Edwin J., Fh.D. (Pa<!t President,^ Prof of Physics, 
[Life Member.] Franklin Inst., Finn of Houston 

& Kennelly, Crozer Bldg.. 1420 
Chestnut St. : residence, 1809 
Spring Garden St., Phila., Pa. 


A April 15, 1884 
M Oct. 21, 1884 


Howell, John W. 


Engineer, I.amp Works General 
Electric Co Harrison; residence, 
Ballantine Parkwav,Newark,N.J, 


A July 12, 1887 
M June 5, 1888 


Howell, Wilso.n S. 


Hu.mphrey, Henry H. 

HO 


Test Officer, Lamp Testinsf Bureau, f 

5th and Sussex Sts , Harrison; J A Sept. 3, 1889 
residence, Ward Place, South Or- j M Mar. 18, 1890 
ange, N. J. L 


Consulting Electrical Engineer, 
Bryan & Humphrey, 70S Lincoln 
Trust B’Idg,,St Louis, Mo. 


A Dec. 16, 1896 
M April 28, 1897 
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Nan»e. 

HIiNTER, Rudolimi M, 

Hunting, Frkd S. 

Hutciuk.son, Dr, Cary 
[L ife Member. 1 

Hvdk, Jkromk VV. 

InKK;, ALRC (iAVAN 

IVK.S, F'DWARI) B. 

Jackson. Dugalh C. 
Jackson, Francis K, 

Jackson, Hknkv 

Jackson, John Prick 
Jackson, Wm. B. 

JANNUS, b’KANKCAN!) 

Jeul, Francis 
Jknks, \V. J. 

JoiiNSTcm, A. LancsTAK 

Jokes, Francis Wilky 
[L ife Member.! 

Kkitu, Oil Natiianiki- 


Address. 


Date of Membership. 


Expert and Counsellor in Patent 
Causes, 926 Walnut St., Phila¬ 
delphia, Pa. 


A July 13, 1886 
M May 17, 1887 


Chief Engineer, Engineering De- f 
parlment, P'ort Wayne Electric J A Nov. 15, 1892 
Co., 325 West Washington St.M May 16, 1893 
Fort Wayne, Inch 


Talcot'!' ( Vice-'P 7 ’esi(ie/if.) Con¬ 
sulting Electrical Engineer, 71 
Broadway, New York City. 


A Feb. 7, 1890 
M Dec. 16, 1890 


Ass’t 'rrea.surer. The Springheld ( . t 
S team IWr Co., Wason Bldg. ^ 
Springfield, Mass. ( 


8, 1887 
I, 1887 


(llobe Electrical Co., Arthur Villa, 
Agnes Road Blundellsands, near 
Liverpool, Eng. 


^A Jan. 19, 1892 
May 17, 1892 


Signal Officer, U. S. Volunteers, ( A April 2, 1889 
War Dept., Washington, D. C. ( M May 15, 1894 


(kuisiilting Engineer, Professor of 
IClectrical Engineering, University 
of W'isconsin, Madison, Wis. 


A May 3, 1887 
M June 17, 1890 


fncandcHccnt lolaments Manufac- f 
lurcr. 128 bNsex Ave , Orange; J A Jan. 3, 1888 
residence, 6r South Drove St., ) M June 17, 1890 
East Orange, N. J. 1 . 

Telegraph Supt. and Engineer, The f 

Lancashire & Yorkshire Railway ] A Mar. 21, 1894 
('<)., Ilorwich, Bolton-le Moors, 1 M Dec. 19, 1894 
Lancashire, England. I 


Professor of Electrical Engineering, 
Penn. State College. State Col¬ 
lege, Pa. 


^A Sept. 27, 1892 
iMJan. 17,1894 


Siipl., 'Phe Colorado Electric Power 
(,’0., Box 792, Victor, Col. 


A Aug. 13, 1897 
M June 24, 1898 


.•\U<>nu'y-at-I,a\v. ."'olicitor of Ba-( a Nov 12.1880 
(ciils, 140 Broadway. (Tel. 3565-) m 18. 1890 

Cortlamlt', New \ ork City. ( 

VH Ka/.inc/y-iUezo 21, Budapest, j A June 27, 1895 
Uungaiy. ( ^ 1896 

Secretary, Board of Patent Control, f 
120 Broadway. New York Chty; j A June 8, 1887 
residence, 497 4tL Sr., Brooklyn,] M Nov. 1, 1887 
N. V. I 

E Chief Engineer, RichmondTraction ( a a Qj-ii 21 1801 

('o., IU2 K. Main St., Richmond, ^ *1 jg’ jg^^ 
Va, ( 

Assistant Gen’LManager and Elec- f 
trician, Postal Telegraph-Cable ) A April 15, 1884 
Co., 253 Broadway, New York] M Oct. 21, 1884 
(hty I 

S. Electro- Metallurgist, 62 Nevada J A April 15, 1884 

Block, San Franci.se*, Cal. { M Jan. 17, 1894 


ill) 
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MEMBERS 


Name. 

Kennelly, Arthur E. 

[Life Member.'] 


Address. Date of Membership. 

{President) Electricial Engineer, f 
Firm of Houston & Kennelly, | 

1203-4 Crozer Bldg., 1420 Chest-J A May i, 1888 
nut St.; residence, The Land-j M May 16, 1899 
sowne, N. 41st St. and Parkside | 

Ave , Philadelphia, Pa. [ 


Kinsman, Fjrank E. Electrical Engineer, 26 Cortlandt^ 

St., New York City*; residence, 1 A Sept 
836 Sherman Ave., Tel. 1024, j M May 
Plainfield, N. J. J 

Knowles, Edward R. E. E., C.E. Consulting Electrical En-") 

gineer, 136 Liberty St., New York i A June 
City: residence, 82 Cambridge j M July 
Place, Brooklyn. N. Y. J 

With C. O. Mailloux, Consulting") 

Electrical Engineer, 150 Nassau [A. May 
St.; residence, 108 W. 122nd St., f M. Dec. 
New York. N. Y. J 

Electrical Engineer, Room 416, 32 f 
Nassau St., New York City, Tele- J A Dec. 
phone 617 Corilandt;residence,i27 I M Jan. 
Prospect Place, Rutherford, N. J. ^ 
Superintendent Westinghouse Elec- ( a ivr 
trie and Manufacturing Co., Easts 
Pittsburg. Pa. ^ • ]M June 

Electrical Engineer, Canada Life ( . ^ 
Building, Toronto, Ont., and 72 s , j 
Trinity Place, New York, N. Y. ( ^ 
Lardner, Henry A.ckley J. G. White & Co., 29 Broadway, ) a -n . 

Clark St., Brooklyn. N. Y. ( ^ 

La Roche, Fred. A. Senior Member of F. La Roche f 

& Co., 652-660 Hudson Street;! A Sept, 
residence, 28 W. 25th St., New j M Nov. 
York. ( 


Knox, Chas. Edwin 


Knudson, a. a. 


Lange, Philip A. 


Langton, John 


27, 1892 
16, 1893 


8, 1887 
12, 1887 


16, 1899 
27, 1899 


6, 1887 
3, 1888 


6, 1888 

5, 1888 

6, 1888 
5, 1888 

19, 1894 
16, 1899 

19, 1894 

20, 1895 


Lattig, J. W. 

Lemp, Hermann, Jr. 
Leonard, H. Ward 

[Life Member.] 


Electrical Engineer, residence, 335 
West Broad St., Bethlehem, Pa 
Electrician, 186 Allen Avenue, 
Lynn. Mass. 

Electrical Engineer, Fres’t. Ward 
Leonard Electric Co , Bronxville, 
N Y.; residence, Lawrence Park, 

N. Y. 


Leslie, Edward Andrew Vice-President and Manager, Man¬ 
hattan Electric fdght Co., Ltd., 
57 Duane Street, New York City; 
residence, 262 Flancock Street, 
Brooklyn, N, Y. 


Levis, Minford Superintendent and Electrical Engin- 

eer, Novelty Electric Co., 54 
North 4th St., Philadelphia, Pa. 

Lieb, John William, Jr. {Vice-President) General Mgr.,Edi¬ 
son Electric Ill. Co.; Residence, 
166 West g7th St.,New York City. 

Lighthipe, James A. District Engineer, General Electric 
Co., Claus Spreckels Bldg., San 
Francisco, Cal. 


Lincoln, Paul M. 
(17) 


Electrical Supt. Niagara Falls Power 
Co., Niagara Falls, N. Y. 


( A June 8, 1887 
i M July 12, 1887 
( A April 2, 1889 
( M Feb. 21, 1893 

J A July 12, 1887 
1 M Sept. 6, 1887 


J A Jan. 16, 1895 
I M Feb. 17, 1897 


] A Feb. 21, 1893 
1 M June 23, 1897 

(a Sept. 6, 1887 
iMNov. 1,1887 

i A Feb. 21, 1894 
I M April 17, 1895 

jA Sept. 25, 1895 
( M June 24, 1898 
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Name. 

Lloyd, Herbert 

Lloyd, John E. 

Lloyd, Robert McA. 
Lockwood. Thomas D., 

[Life Member.] 

Loomis, Osborn P. 
Lorrain, James Grieve 


Address. 


Date of Membership. 


{Manager) Vice President and Gene- f 
ral Manager, Electrical Engineer 1 
and Chemist, The Electric Stor--{ 
age Battery Co., Drexel Bldg., | 
Philadelphia, Pa, L 

Chief Engineer and General f 
Manager Cape Town Tramways, J 
49 Sir i.owry Road, Cape Town, | 
S. Africa. L 


A June 20, 1894 
M May 21, 1895 


A Jan. 22, 1896 
M Mar. 25, 1896 


Electrician, too Broadway; resi¬ 
dence, 9 East 9th St., New 
York City. 

Electrical Engineer, and Advisory 
Electrician, P. O. Drawer 2, 
Boston, Mass. 


A Oct. 21, 1890 
M Nov. 15, 1893 

A April 15, 1884 
M Oct. 21, J884 


Electrical Engineer, Newport News 
Shipbuilding and Dry Dock Co., 
Newport News, Va. 

Norfolk House, Norfolk St., Lon¬ 
don, W. C,, England. 


A Sept. 16, 1890 
M Dec. 16, 1896 

A May 16, 1891 
M May 15, 1894 


Lovejoy, J. R. General Manager, Supply Dept., ( 

General Electric Co., Schenec \ 
tady, N. Y. ( 

Lozier, Robert T. E. Manager, Bullock Electric Co., St. f 
Paul Bldg., New York City; resi- ) 
dencc, 326 Richmond Terrace, | 
New Brighton, S. I. 

Maccoun, Andrew Ellicott Supt. of the Electrical Dep’t., f 
The Carnegie Steel Co., Braddock, < 
J>a. ( 


A April 21, 1891 
M Feb. 21, 1894 


A May 20, 1890 
M Jan. 24, 1900 


A Nov. 20, 1895 
M July 18, 1899 


Maceaklank, Alexander, E. Sc,, LL.D. 


{Manager.) ( 


Lecturer on Mathematical Physics J A Jan. ig 


M May 17, 


1892 

1892 


Mailloux, C. O. 

[Life Member.] 


Lehigh University, South Bethle- . 
hem. Pa. 

{Manager) Consulting Electri- f 
cal Engineer, 150 Nassau St.,J A April 15, 1884 
Telephone 3985 Cortlandt ; resi- | M Oct. 21, 1884 
dence, 48 W. 73d St . NewYork. [ 

Mansfield, Arthur Newhall Assistant Electrician, Ameri¬ 
can Telephone and 'Telegraph Co., 

22 'Thames St., New York City. 


j A Dec. 20, 1893 
IM June 20, 1894 


Marks, I.outs B., M. M.E. President, Marks Enclosed f 
Arc I..ight Co., 689 Broadway;! 
residence, 51 East 67th St., New] 
York City. [ 

Marks, William Dennis, Ph.B. C. E. President, The f 
American Electric Meter Co., gth | 
and Montgomery Ave.; President,-( 
General Electric Automobile Co., j 
Bourse Bldg., Philadelphia, Pa. 


A May 20, 1890 
M Jan. 16, 1895 


A Feb. 7, 1888 
M May i, 1888 


Marshall, J. T. 
Martin, Julius 


Metuchen, N. J. 


A Oct. I, 1889 
M Nov. 12, 1889 


Master Electrician, Navy Yard, 
Brooklyn; residet ce, 103 E. loth 
St., New York City. 


A Oct. 21, 1890 
M Nov. 20, I895 


Marvin, PIarry N. 
(17) 


c/o American Mutoscope and Bio¬ 
graph Co., 841 Broadway, New 
York City. 


A April 19, 1892 
M Jan. 17, 1893 
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MEMBERS 


Name, 

Maver, William, Jr. 


Mayer, George M. 


Address. 


Date of Membership. 


Electrical Expert and Consulting 
Electrical Eng’r, I20 Liberty St., 
New York City; residence, 227- 
Arlington Ave. (Tel. 1282 Bergen) 
Jersey City, N. J. 


A July 12, 1887 
M April 21, 1891 


Electrical and Mechanical l<:^^neer, ^ ^ 

140 c Monadnock Bldg., Chicago, - 

III. 


1 M June 20, 1894 


Maynard, Geo. C. 
McCay, H. Kent 

McCrosky, James W. 


McCrossan, J. a. 

McMeen, Samuel G. 

Mershon, Ralph D. 

Millis, John 
Mitchell, James 

[Life Member.] 

Mix, Edgar W. 
Molera, E. j. 

Moore, D. McFarlan 


Electrical Engineer, Smithsonian j A April 15, 1884 
Institution, Washington, D. C. I M Dec. 9, 1SS8 


Electrical Engineer and Contractor, 
106 E. German St., Baltimore, 
Md. 


A Sept. 16, 1890 
M May 19, 1891 


Chief Engineer, La Capital Tramway f 

Co. andCompahia de Luz y Fuerza J A Dec. 20, 1893 
Motriz de Cordoba, ReconquistaJ M Dec. 16, 1896 
20, Buenos Aires, Argentina. L 


Manager and Electrician, Citizens’ (a Oct 
Telephone and Electric Co., Rat J 
Portage, Ont. ( 

Engineer, Central Union Telephone ( . ^ 
Co., 1306 Ashland Block,Chicago. ‘ 

Ill., ( 


15, 1893 
18, 1895 

18, 1895 

16, l8q6 


Electrical Engineer, with Westing- ( 
house Electric and Mfg. Co., I20-! 
Broadway, N. V. City. ( 


A Mar. 20, 1895 
M Jan. 22, 1896 


Major of Engineers U. S A., Army ( A July 7, 1884 
Bldg, 29 Whitehall St., New York. < M Mar. 3, 1885 

Constructing Engineer and Agent, f 

General Electric Co., Caixa do J A Sept. 25, 1895 
Correio No. 954, Rio de Janeiro, ] M Mar. 25, 1896 
Brazil. L 

Electrical Engineer, 12 Boulevard j A Sept. 3,1889 
des Invalides, Paris. France. ( M Mar. 20, 1895 

Civil and Electrical Engineer, 606 \ A Jan. 16, 1892 
Clay St., San Francisco, Cal. ] M June 7, 1892 


Inventor, Moore Electrical Co., 52 j x 4 Dec. 20, 1893 
Lawrence St., Newark, N. J. '( M June 20, 1894 


Moore, Wm. E. 


General Superintendent and Elec¬ 
trician, The Augusta Railway & 
Electric Co., Augusta, Ga. 


A Jan. 22, 1896 
M Sept. 27, 1899 


Morrow, John Thomas Supt. Electrolytic Plant, Boston and f 

Montana Consolidated Copper and J A Dec. 21, 1892 
Silver Mining Co., Great Falls, j M April 18, 1894 
M ont. I 


Neiler, Samuel G. 


Member of the Firm of Pierce, Rich¬ 
ardson & Neiler, Consulting and 
Designing Engineers, 1405-12^ 
Manhattan Building ; residence, 
Hotel Del Prado, Chicago, Ill. 


A April 18, 1894 
M Dec. 18, 1895 


Nichols, Dr. Edward L. Professor of Physics, Cornell J A Oct. 4, 1887 
University, Ithaca, N. Y. (M Dec. 6, 1887 


Nichols, Geo. P. 


Partner, Geo. P, Nichols & Bro,, 
Elec. Engineers and Contractors, 
1036 Monadnock Bldg., Chicago, 
III. 


{ A Jan. 22, 1896 
M Nov. 18, 1896 
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Address. Date of Membership. 

Nicholson, Walter W. General Supt. Central N. Y. Tele ( * 
phone and Telegraph Co., Tele--! 
phone Building, Syracuse, N. Y. ( ^ 


Noll, Augustus 

Nunn, Paul N, 
O’Connell, Joseph J. 


Contracting Electrical Engineer, 8 
East 17th St., Telephone, 62, 
18th; New York City. 

Chief Engineer, Telluride Power 
Co., Telluride, Colo. 


A Sept. 27, 3892 
M April 18, 1893 

A April 17, 1895 
M Feb. 26, 1895 


Telephone Engineer, Chicago Tele- ( * 
phone Co., Residence, 76 Eugene-] 

St., Chicago. Ill. ^ 20. 1895 

O’Dea, Michael Torpey Professor of Applied Electricity, ( , ^ 

University of Notre Dame. 73 ^, 1 ?“® *’ 

No. State St., Chicago, 111. ( ^ 5 . i8q6 

OUDIN, Maurice A. Electrical Engineer, General Electric J A June 20, 1894 
Co., Schenectady, N. Y. ( M Nov. 20, 1895 

Owens, Rohert Bowie {Fice-FresidefiL) McDonald Pro- f A June 17, 1890 
lessor of Electrical Engineering,-{ M Dec. 15, 1897 
McGill University, Montreal, P.Q. ^ 


Paine, F. B. M. 

Paine, Sidney B. 
Parker, Lee Hamilton 

.Parks, C. Wellman 


Westinghouse Electric and Mfg. 
Co., 120 Broadway, New York, 
N. Y. 


A Dec. 16, 1890 
M Nov. 25, 1891 


General Electric Co., 180 Summer J A June 8, 1887 
St., Boston, Mass. (M Nov. i, 1887 

The Buenos Aires and Belgrano) * a q 

P 21 ectric Tramways Co., Calle ^a’ o^I 
Santa Fe No, 2457, Buenos Aires. ) ^ 


Civil Engineer, U. S. N., U. S. JA July 12, 1887 
Naval Station, San Juan, P. R. "(M May i, 1888 

Parshall, Horace Field Consulting Engineer, 8 Princes St. (A Sept. 7, 1888 


Bank, E. C., London, Eng. 


[ M Mar. 18, 1890 


Fitm of Pattison Bros, Consulting f 
and Constructing Electrical En-J A Sept. 22, 1891 
gineers, 141 Broadway, New | M Dec. 16, 1891 
York City. L 

Engineer, Room 841, 621 Broad- ( A Oct. 25, 1892 
way. New York City. ] M Feb. 21, 1893 

Pedersen, Frederick Malling Instructor in Physics, College f 

‘ of the City of New York, 17 Lex-J A Sept. 20, 1893 

ington Ave.; residence, 39 Wash -1 M June 24, 1898 
ington Square, New York City. 


Pattison, Frank A. 


Pearson, F. S. 


I^erot, L. Knowles 


1 

'vSf;'nlula.'S 

nixville. Pa, - ( 


M Dec. 18, 1895 


Perrink, Frederic A. C., D. Sc. {Manager.) President Stan¬ 
ley Electric M’fg Co., Pittsfield, 
Mass. 


A Sept. 16, 1890 
M Dec. 16, 1890 


Pickernell, F. a. 


Chief Engineer, Amer. Tel. & Tel. ( * p-u , .g.. 
Co. Thames St., New York] ^ X'. Vi, 


( 
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MEMBERS 


Name. Address. Date of Membership. 

Pierce, Richard PI. Pierce, Richardson <Iv: Neiler, Elec- f 

trical Engineers, 1409 and 1410 j ^ ^ -j jg jg 
Manhattan Bldg., Chicago; resi-20 1803 
dence, 5434 Monroe Ave., Hyde | 

Park, Ill. I 


Pike, Clayton \V., B.S. 


Electrical Engineer, Faikenau En¬ 
gineering Co., 711 Reading Ter¬ 
minal, Philadelphia. Pa. 


A Dec. 16, 1891 
M Oct. 25, 1892 


Porter, Joseph F {C. H ) President and Managing ( Sept. 6, 1887 

I'2ngineer. Alton Railway, Gas and-< j jgg,^ 

Electric Co.. Alton, 111 . ( ’ 


Potter, Wm. Bancroft, Entiineer Railway Dept., General < A Jan. 22, 1896 
Electric Co., Schenectady, N. Y. ( M Mar. 25, 1896 

Pratt Robert J. Electrician, Honolulu Iron Works, j A July 12, 1887 

’ Honolulu, H. I. IM Sept. 6, 1887 


Puffer, Wm. L. Assistant Professor of Electrical f 

Engineering, Mass. Institute of J A Dec. 20, 1893 
Technology, Boston ; residence, ) M April 17, 1895 
West Newton, Mass. L 


Rae, Frank B. 

Reber, Samuel 

Reckenzaun, Frederick 
Redman, Geo. A. 


Reid, Thorrurn 
Reist, Henry G. 

Reno, C. Stowe 

Rice, Calvin Winsor 


Rice, E. Wilbur, Jr. 
Richardson, Robert E. 

Ridley, A. E. Brooke 
Ries, Elias E. 


Rae and Monroe. Electrical and 
Mechanical Engineers, S04 Fort 
Dearborn Bldg., 134 Monroe St., 
Chicago, III. 

Lieut. Col. Signal Corps, U. S., 
Governor's Island, New, York 

, Electrical Engineer, 44 Pine St., 
New York City. 

General Supt., Electric Dept.. Brush 
Elec. Light Co.,and Rochester Gas 
and Elec. Co., b6 xAndrew.s St.; 
residence. 30 Park Ave., Roches¬ 
ter, N. Y 

Consulting Electrical Engineer, 120 
Liberty St., New York City. 

Designing Engineer, General Elec¬ 
tric Co., 5 South Church St., 
Schenectady, N. Y. 

Electrical Engineer, Triumph Elec¬ 
tric Co., 620 Baymiller Street, 
Cincinnati, Ohio. 

Electrical Engineer, Edison Electric 
Illuminating Co. of New York. 
Electrician. Consolidated Tele¬ 
graph and Electrical Subway Co., 
57 Duane St., New York City. 

Technical Director, The General 
Electric Co., Schenectady, N. Y. 

Vice-President of Pierce, Richardson 
&NeiIer, 1409 Manhattan Building 
residence, 88 E. 34th St, Chicago, 
Ill, 

Electrical Engineer and Contractor, 
Parrot B’ldg, San Francisco, Cal. 

Electrical Engineer and Inventor, 
1242 New York Life Insurance 
Bldg. ; residence, 4 W. nstli St., 
New York City. 


A April 15, 1884 
M Oct. 25, 1892 


i 

j A Sept. 
I M Jan. 
j A Mar. 
( M June 

r 


A Feb. 
M May 


20, 1893 
22, 1896 

6, 1888 
5, 1888 


27, 1895 
17, 1898 


I 


21, 1890 
24, 1898 


j A Oct. 

M June 

\ A June 
I M Dec, 

( A Nov. 23, 1898 
1 M July ‘ ‘ 


17, 1890 
19, 1894 


r 


A Jan. 
M April 

L 

j A Dec. 

( M Jan. 


/ 


A Sept. 
'] M May 

I 

jA Nov. 
i M Nov. 

I A July 
1 M Sept. 


1809 


20, 1897 
28, 1897 

6, 1887 
3, i888 

19, 1894 
18, 1897 

21, 1894 
23, 1898 

12, 1887 
6, 1887 
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Name. 

Riker, Andrew L. 

[Life Member.] 

Robb, Russell 
Robb, Wm. Lispenard 

Roberts, E. P. 

Rodgers, Howard S. 

Rohrer, Albert L. 

Roller, John E. 
Rosa. Edward B. 
Ross, Norman N. 


Address. 


Date of Membership. 


Electrical Engineer, The Riker Elec¬ 
tric Vehicle Co, Elizabethport, 

N. J. 


A Nov. I, 1887 
M Dec. 18, 1895 


With Stone & Webster, 4 P. O. j A Oct. 18, 1893 
Sqnaie, Boston, Mass. ( M May 21, 1895 


Professor ot Physics, Trinity Col¬ 
lege, and 118 Vernon St., Hart¬ 
ford, Conn. 


A Dec. 16, 1891 
M Mar. 15, 1892 


E. P. Roberts & Co,, Consulting f 
Engineers, Electric Building. Tel-J A Jan. 6, 1885 
ephone 2656; residence, 95 Cornell | M Feb. 3, 1885 
St,, Cleveland, O. [ 

Electrical Engineer, care General f 
Electric Co., 420 W. 4th Street,! A Sept. 27, 1892 
Cincinnati, O.; residence, 190 E. j M May 16, 1893 


2d St., Covington, Ky. 


I 

Electrical Supt. Schenectady Works ( . ,00., 

General Electric Co.; residence, 

20 Union St., Schenectady, N. Y. 


■v 


M May 1,1888 


Lieut. Commander U. S. N., Navy j A Sept, ig, 1894 
Department, W'ashington, D. C. ( M May 19, 1896 

Professor of Physics, Wesleyan Uni- ( A Feb. 17, 1897 
versity, Middletown, Conn. (M May 18, 1897 

Electrical Engineer, The Royal j A Sept. 20, 1893 
Electric Co., Montreal, Can. ( M Nov. 21, 1894 


Ross, Roberta. Mechanical and Electrical Consul- ^ 

1 “ -*« 

Rouquette, William F. B. Proprietor, Rouquette & Co., J A Mar. 21, 1894 
[Life Member.] Dey St., New York City. ( M Dec. ig, 1894 


Ryan, Harris, J. 


Sachs, Joseph 


Professor of Electrical Engineering, ( . ^ ^ ..q«_ 


Electrical Engineer, The Johns- 
Pratt Company : residence, 220 
Collins St., Hartford Conn. 


A Mar. 15, 1892 
M Dec. 15, 1897 


Salomons, Sir David Lionel, Bari. M. J., Engineer and f 

rr-r. _I_T n_T>_ .UIIl n'',, ^ 


[Life Member] 


Sampson, F. D. 


Barrister, Broomhill, Tunbridge J A Feb. 7, 1888 
Wells, Kent, and 49 Grosvenor j M May i, 1888 
St., London, W. England. t 

Manager, Charlotte Electric Light j A Aug. 5, 1896 
and Power Co., Charlotte, N. C. ( M Oct. 27, 1897 


Sands. H. S. 


Sargent, William D. 


SCHEFFLER, FRED. A. 


Schmid, Albert 


Consulting and Constructing Electri-f A ,0^., 

] M Nov. l\: 

Wheeling, W. Va. C 

Vice Prest. and General Manager, f 

N. Y. & N. J. Tel. Co., 81 Wil-J A April 15, 1884 
loughby St.; residence, 820 Union j M Feb. 21, 1894 
St., Brooklyn, N. Y. I 

Manager, Water Tube Boiler Dept., f 
James Beggs & Co , 9 Dey St., J A May 16, 1893 
N. Y- City; residence, 33 Snow- | M Jan. 26, 1896 
den PL, Glen Ridge, N. J. I 

Directen General de la Societe In- f 

dustrielle d’Electricite procedes J A Oct. 21, 1890 
Westinghouse, 45 rue de TArcade ) M April 17, 1895 
Paris, France. I 


(19) 
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MEMBERS 


Name. 

SCHOKN, A. M. 
Scott, Charles F. 
Scott, James B. 

Sever, George F. 

Shaw, Edwin C. 
Shea, Daniel W. 


Addn^s*-, 


Date of Meinhersfnp. 


Electrician, South Eastern Tariff 
Association, 339 lujuitable Buil¬ 
ding, Atlanta. Ga. 

Chief Electrician, Westinghouse 
Electric and Mfg. Co., Pittsburg, 
Pa. 


j A Sept. 20, 1893 
M Dec. 16, 1896 

April 19, 1S92 
]MJan. 17.1893 


Consulting Electrical, and Mcchani- f 

cal Engineer, 227 East Germ.in j A Aug. 5, 1896 
St.; residence, 847 Ducatei Si,, 1 M May 17, 1898 
Baltimore Md. L 

{Manager.^ Instructor in Electrical ( . . „ 

Engineering, Columbia University,-A y 
Net York City. I 

Mechanical TCnginccr, The B. f'. ^A May 17, i8<y2 
Goodrich Co., Akron, O. ( M h'eb. 27, 1895 


Professor of Physics, Catholic Uni¬ 
versity of America, Wasliingtou, 


I). C. 


j A Dec. 20, 1893 
I M June 20, 1894 


Sheldon, Samuel, A. M., Ph.D. {Manager.) Professor of j 

Physics and Electrical luigineer- J A Dtan 16, 1890 
ing. Polytechnic Institute, 19H.4 M Oct. 27, 1891 
Schcrmerhorn St., Brooklyn,N.Y. [ 


Shepardson, George 1 ^. Professor of IClectrical hingineering, 
University of Minnesota, Minne¬ 
apolis, Minn. 

Sinclair, II. A. Electrical Engineer, 'riu? 'I'lu'ker 

PBectric Co.,35 Smith William St., 
New York; ()5o Bedford Ave. 
Brooklyn, N. Y. 

Smith, Frank E. Consulting and Supervising P.leetri- 

cal Phigineer, 183 Jessie St.; ri'si- 
dence, 418 ICugciiia Ave., San 
Francisco, (Jal. 


^ A 

\n 

r 

j A 
I M 


April 

Jan. 


i um:‘ 
h'eb. 


.Sept 

.hiiy 


21, 1891 

22, 18(^6 


l8(,o 

1896 


19. 1894 

iH. 


Smith, Frank Stuart Supt. I.amp Ibictory, Sawyer-Man i A Sept. 27, iHt)2 
Electric Co., Pittsburg, Pa. ] M April ih’ 1893 

Smith, Harold Babbitt Professor of IGcctrical hbigineering, ( 

Worce.ster I’olytechnic Iiistitut{‘; J A Nov. 24, 1891 
rc.sidence, 20 d'rowbfidge Road, 1 M .April 25, 1900 
Worce.ster, Mass. | 


Smith, Jesse M. 

Smith, T. Carpenter 

Spaulding, PIollon C. 

Sx^ERRY, ElMISR A. 
Sprague, Frank J. 

Stanley, William 


Expert ill Patent Caus<‘s, ('onsulting ( 

Kleelrical and Mmdmnical luigi' 1 A April 15, 1HH4 

ncer, 36 Moffal Ptloek, Doroit, j M June gb, 

Mich., and 218 Broadway, New 1 

York ('ity. ( 

Member of Firm of M. K. Muekk;, f 
Jr., & Co., bsoDrexel Bldg.: r<‘s J A Get, 27, 1891 
idence, 'Fhe “ Newport,” Phila-| M Dec. iBoi 
delphia, Pa. | 

(ontracting h'.ngineer, American I 

StokerCo., 410 Exchange BTPg, | A April 21, 1K91 

iioston; residence, 15 Park Vale, | M fune 20, 1H94 

Brookline, Mass. [ 


rJectrical Engineer, 855 (!ase Ave., 
Cleveland, O. 

Consulting Engi¬ 
neer, Sprague Electric Co., New 
York City 


3 A 
I M 

i A 
) M 


April i«L th92 
lA*b, 21, 18(^3 


May 

Eeb. 


{Vice-President.) Electrical Engineer ( . .. 
and Inventor, Great Barrington, 1; ; 
Mass. / M Oct, 


1887 

1897 


6, I887 
26, 1898 



MEMBERS, 


m 


Name. ‘ Address. Date of !vIetBbership. 

Stearns, Charles K.-£. 5 . 6o State Street, and 85 Westland \ A Aug. 6, 1889 

Avenue, Boston, Mass. / M May 16, 1893 

Stearns, Joel W., Jr. Treasurer, Mountain Electric Co., ) A June 20, 1894 
Box 1531, Denver, Col. i M Nov. 20, 1895 

Stebbins, Theodore Engineer of Committee on Local ( . ^ , gg 

Steinmetz, Charles P. (Jl/anager.) Electrician, General j A Mar. iS, 1890 

Electric Co., Schenectady, N. V. ( IM April 21, 1891 


Stephens, George 


Societe des Establissements Postel- ^ 20, 1S94 

Vinay 219 Rue de ^ angirad,^ 18.1895 

Pans, trance ( 


Stieringer, Luther 
Stillwell, Lewis B. 

Stores, Prof. H. A. 

Stott, IIenry G. 
Strong, Frederick G. 
Taintor, Giles 


Taltavall, Thos. R. 

Terry, Charles A. 

Theberath, Theodore 
Thomas, Benjamin F., 
Thomson, Elihu 

ThoxMPSon, Edward P, 
Thresher. Alfred A. 


Electrical Expert, Beard Building, i A June 8, 1887 
120 Liberty St., New York City. { M Nov. i, 1887 
( Vice-President.) Electrical Direc- { 
tor, Niagara Falls Power Com-J A April 19, 1892 
pany, and the Cataract Construe- 1 M Nov. 15, 1892 
tion Co., Niagara Falls, N. Y. 

U. S. Assistant Engineer, Post Office ^ * ,, 0 

Bldg.; residence, 45 ^Villiam St.. - 
New London, Ct. ( ‘ 


Electrical Engineer, Buffalo Gen’l i A Sept. 25, 1895 
Electric Co*, Buffalo, N. Y. 1 M April 22, i8q6 
Box, 959. Hartford, Conn. ( A Oct. 27, 1891 

) M July 18, 1899 

Sup’t. Right of Way £‘epartment, f 
New England Telephone and Tel- 26, 1891 

egraph Co , 125 Milk St ; lesi-- yj 16, 1891 


dence, 34 £2 Shepard St. 
bridge, Boston, Mass. 


Cam- I 


I 


Associate Editor, Electrical Worlds ij ^ 20, 1891 

and Engineer, 120 Liberty St., 'i yj Qct. 27! i8qi 
New York City. ' 


Lawyer. Westinghouse Electric and { ^ y^prii 5 1887 
Mfg. Co., 120 Broadway, New «t 17! 1887 

York City. ( / / ' 

E. Chief Engineer, Yuba Electric j A Mar. 23, 1898 

Power Co , Marysville, Cal. ( M June 24, 1898 

Professor of Physics, Ohio State] A June 7, 1892 

University, Columbus, O. I M Nov. 15, 1892 

(Past President). Electrician, Gen- f 

eral Electric, and Thomson Elec-j A April I5» 1884 
trie Welding Companies, Lynn, j M April 21, 1891 
Mass L 


Consulting Electrician and Solicitor ^ ^ ^ jgg^ 

of Patents, 81 Fulton ^^treet,3’. 1889 
New York City. ( 

Electrical Engineer and Proprietor ] A April 22, 1896 
Thresher Hllectric Co., Dayton, O- j M June 24, 1898 


Thurnauer, Ernst Manager. Thomson-Houston In- ^ ^ Q^t. 14, 1887 
ternational Elec. Co., 27 Kue de jggy 

Londres, Paris, France. 

Tischendoerfer, F. W. Chief Electrical Engineer, Union 
Elektricitats Gesellschaft, Berlin, 

Germany. 

Trafford. Edward W. Electrical Engineer, Richmond Rail- 
way and Electric Co., P oot of 7th 
St., Richmond, Va. 


j A April 19, 1892 
1 M Nov. 21, 1894 

^A Feb. 21, 1894 
■) M Dec. 19, 1894 


( 21 ) 
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MEMBEEB. 


Name. Address. Date of Membership. 

Uebelacker, Chas. F. General Manager, 1 'he Elmira ( . , 

Municipal Improvement Co., El-•< 7 . 1890 

mira, N. Y. ' ] M Nov. rs, 1893 


Uhlenhaut, Fritz, Jr, 
Upton, Francis R 
Vail, J. H 


Vansize, William B. 


Whitestone, L. I. j A May 7, 1889 

j M Dec. 19, 1894 

Edison Laboratory, West Orange, j A May 17, 1887 

J- / M Mar. 15, 1892 

Engineer - in - Chief, rhilaclelphia f 
Manufacturing Light and Power I A June 8, 1887 

Co., and Edison Electric Light-j M Nov. i, 1887 

Co., loth and Sansom Sts., Phila* | 
delphia, Pa. [ 

Solicitor of Patents, Expert in Pa- f 
tent Cases, 253 Broadway, New) A April 15, 1884 
York City; residence, 210 Lincoln ”1 M Oct, 21, 1884 
Road, Flatbush, Brooklyn, N. Y. [ 


Van Trump, C. Reginald Engineer and Manager, Wilming- ( * r 1 
ton City Electric Co., Wilming-4 , 5 , 

ton, Del. 


5» 1886 
21, 1894 


Waddell, Montgomery 
Wait, Henry I-I. 


7, 1888 

X, 1H88 


Con.sulting Engineer, 72 'rriniiy (A Eel). 

Place, New York City. j M May 

A.ssistant Eleclricrd I'higinecr, Wtist- ( . ,, 
ern Electric Co,, .pji9 Madison - 
Ave., Chicago, HI. I 20, 1894 


Waldo, Leonard 

Walker, Sydney F. 
Waring, John 

Warner, Ernest P. 

Waterman, F. N. 

Weaver, W, D. 

Webb, Herbert X^aws 

Weeks, Edwin R. 

Weller, IXarry W. 
Weston, Edward 

(t8 ) 


Electrical Engineer, Secrctaiy, 7 'he ( , , 

Waldo Foundry, S2o Slelle Ave.,<| 1888 

Plainfield, N. j. ' ( 4 , 1888* 

Consulting Electrical hliigineer, ( A [line 2. 1885 

Bloomfield Cie.scent, Bath, Eng. ] M May 17, 1887 


Perkins Electric Switch M'f'g. Co., ( * , 

141 Wa.shington St., Ihutford, 4^- ‘hic.ih, 1890 
Conn. ( ^1 April 17, 1895 


Electrical Engineer, Western Elec¬ 
tric Co.; residence, 402 Belden 
Ave., (.Chicago, Ill. 


j A Sept. 20, 1893 
I M June 20, 1894 


Electrical Engineer, Westinghouse { 
Elect!icand Mfg. Co., 120 Broad- - 
way, New Yoik City. ( 

Editor UW/r/, f 

artd Electrical Km^ineer ; rest- J 
donee, 7 West 26th Street New 1 
Voik City. [ 


A Fid). 21, 1893 
M JuiKi 20, 1894 


A May 17, 1H87 
M May 1*7, 1887 


{Mana^i^er.) 18 (^ortlandt Si.; resi-( . 
dence, 253 West 42d St;., 

York City. / ^ 


21, 1890 
16, 1890 


V. P. and (leneral Manager, 706 
Wall St,; residence, 3408 Harri¬ 
son St., Kansas City, Mo. 


A .Sept. 6, 1887 
M Nov. I, 1887 


Electrical Engineer. 202 St. fames 
St., Montreal, P. Q, 

(Past President,) Vice-lVesident, 
We.ston Electrical Instrument 
Co, 120 William St, and 645 
High St., Newark, N. J. | 


A Oct. 21. 1890 
M Nov. 24, 1891 


A April 15, 1884 
M' Oct 21, 1884 
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Wetzlkr, Joseph 


Name. Address. 

President, The Electrical Engi¬ 
neer Institute of Correspondence 
Instruction, 240 W. 23d St.; resi¬ 
dence, 257W.T04th St., N.Y.City. 
Wharton, Chas. J. Palace Chambers, Westminster, 
London, Eng, 

Wheeler, Schuyler Skaats, Sc.D. President, Crocker- 


Date of Membership 


i 

! A April 15, 
M Dec. 9, 


1884 

1884 


[Life Member.] 


White, Will F, 


White-Fraser, Geo. 


Wheeler Co., 39 Cortlandt 
St,, N. Y., and Ampere, N. J.; 
residence, 4 West 33d St., New 
York City. 

Electrical Engineer, General Mana¬ 
ger The Cincinnati Edison Elec¬ 
tric Co.,220 W.Sth St., Cincin.O. 

Mem. Can Soc. C. E.\ iS Imperial J A Sept. 22, 1891 
Loan Building, Toronto, Ont. ( M Dec. 18, 1895 


Jan. 3, 1888 
|MMay 1,1888 

r 

J A June 2, 1885 
I M Sept. I, 1885 

L 

( A Feb. 7, 1890 
1 M July 27, 1898 


Wiener, Alfred E. 

Wilcox, Norman T. 
Wilkes, Gilbert 

Willis, Edward J. 

WiLLYOUNG, Elmer G. 


Chief Instructor, The Electrical En- f 
gineer Institute, 240 W. 23d St., ■< 
NewYork. ( 

Sup’t Colorado Electric Power Co., j 
Colorado City, Col. ( 

Consulting Electrical Engineer, ( 
1112 Union Trust Building, s 
Detroit, Mich. ( 

Steam and Electrical Engineer, Vir-'j 
ginia Electrical Railway and De- [ 
velopment Co., 211 E. Franklin f 
St., Richmond, Va. J 

E. G. Willyoung & Co., Electrical t 
and Scientific Instruments, 82 • 
Fulton St., New York City, ( 


A May 16, 1893 
M May 15, 1894 

A May 21, 1895 
M Jan. 22, 1896 

A Jan. 7, 1890 
M Mar. 18, 1890 


A Nov. 30, 1897 
M Feb. 28, 1900 


A Nov. 24, 1891 
M Dec. 20, 1893 


Wilson, Charles H. General Manager, Southern Bell 
Telephone Co., 26 Cortlandt St., 
New York City. 

Wilson, Fremont Consulting Engineer, 66 Maiden 

Lane (Telephone, 1651 Cortlandt) 
New York City: residence, 10 
Hamilton Ave., Yonkers, N. Y. 

Wilson, Harry C. Supt. of P. O. Telegraph with the 

Government, Kingston, Jamaica, 
West Indies. 


Winchester, A, E. Electrical Commissioner and Gen¬ 
eral Supt., City of South Norwalk 
Electric Works, also Consulting 
Engineer for-Municipalities; res¬ 
idence, 4 Gerard Place, South 
Norwalk, Conn. 

Winslow, George Herbert Consulting Electrical Engineer, 
82 & 83 Schmidt Building, 339 
Fifth Ave., Pittsburgh, Pa, 


j A Nov. 24, 1891 
1 M Feb. 16, £892 

j A Mar. 6, 1888 
j M June 5, 1888 

L 

jA Jan. 19, 1891 
1 M June 7, 1892 


A June 8, 1887 
M Nov. I, 1887 


j A April 17, 1895 
1 M Feb. 26, 1896 


Wolcott, Townsend Electrician ; residence. 329 Clinton ( A Mar. 6, 1888 
St., Brooklyn, N. Y. (M Dec. 16, 1890 

Wolverton, B. C. Electrician, N. Y. & Pa. Telephone (A Mar. 18, 1890 

and Telegraph Co., Elmira, N. Y. f M Feb. 21, 1895 

WORDINGHAM, Chas. H. City Electrical Engineer, The Man- f 

Chester Corporation Electric Light) A July 27, 1898 
Station, Dickinson Street, Man-j M Oct. 26, 1898 
Chester, England. L 
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MEMBERS. 


Name. Address. Date of Membership. 

Wright, Peter President, Virginia Electric Com- (A May i6, iSS^ 

pany, Norfolk, Va. \ M Jan. i6, 1895 

WuRTs, Alexander Jay Westinghouse Electric & Mfg. Co., ( A April ig, 1892 
Pittsburg, Pa. ( M Nov. 15, 1892 

Young, C. Griffith Engineer Construction, J. G. White j A Jan. 3, 1889 

& Co., 29 Broadway, New York. ( M April21, 1891 

Young, Walter Douglas Electrical Engineer B. & O. R. R., ) A Apr, 26, 1899 

Roland Park, Baltimore, Md. j M Jan. 24, 190a 


Members, 


374 



ASSOCIATE MEMBERS 
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ASSOCIATE MEMBERS. 

Name, Address. Date of Election. 

Abbe, Cleveland Pro^'essor of Meteorology. The 

Weather Bureau, residence 2017 I 
St., N. W. Washington, D. C. Nov. 23, 1898 

President, Calculagraph Co., 9 Maiden 
Lane, N. Y.; residence, 32 So. 

Clinton St., East Orange, N. J. Apr. 28, 1897 

Director General of Public Lighting, 

Buenos Aires : residence, 691 Calle 
Bolivar, Buenos Aires, Argentine 
Republic. Aug. 5, 1896 


Adae, Chas. Flamen 67 Madison Ave., P. O. Box, 2809; 



New York City 

Dec. 16, 1896 

Adams, Comfort A., Jb. 

Assistant Professor of Electrical Engi¬ 
neering. Harvard University, 13 
Farrar St., Cambridge, Mass. 

Jan. 17, 1894 

Adams, Ernest K. 

Graduate Student. Columbia Univers¬ 
ity ; residence, 455 Madison Ave., 
New York City. 

July 27, 1898 

Adams, Frank Pierce 

Electrician, Stockton Gas & Electric 
Co., residence, 329 E. Channel St., 
Stockton, Cal. 

Feb. 15, 1899 . 

Adams, Julius Le Roy 

Chief Engineer, Hartford, Manchester 
& Rockville Tramway Co., Man¬ 
chester, Conn. 

Feb. 15, 1899 

Adamson, Daniel 

Manager Joseph Adamson & Co., 
Hyde, Cheshire, England. 

Feb. 26, 1896 

Agnew, Cornelius R. 

18 William St.; residence, 23 West 
39th St., New York City. 

Mar. 21, 1894 

Alexander, Harry 

Electrical Engineer, General Manager 
and Vice Prest. Alexander-Chamber- 
lain Electric Co., 25 West 33rd St., 
and 18 and 20 W. 34th St., Tele¬ 
phone 37h7-38th, New York City. 

April 21, 1891 

Allan, John 

Full Partner. H. H. Kingsbury & Co., 
54 Margaret St., Sydney, N. S. W. 

Dec. 28, 1898 

Allen, Wyatt H. 

Assistant Engineer, Benjamin, Hunt 
& Meredith, 331 Pine St., San 
Francisco, Cal. 

Apr. 27, 1898 —- 

Allen, Walter Cummings, Electrical Engineer of the Govern- 
ment of District of Columbia, Dis¬ 
trict Building, residence, Victoria 
Flats, V/ashington, D. C. 

June 24, 1898 

Anderson, Henry S. 

General Manager and Electrician, 
United Electric Light Co., Spring- 
field. Mass. 

Jan. 16, 1895 


Abbott, Henry 


Abella, Juan 


( 15 ) 
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ASSOCIATE MEMBERS 


Name. 

Andrews, William, C. 

Anthony, Watson G. 
Appleyard, Arthur E. 
Arch BOLD, Wm. K. 
Archer, Geo. F. 
Armstrong, Albert H. 
Ashley, Frank M. 

Atkins, Harold B. 

Atwood, George F. 

Auerbacher, Louis J. 
Austin, Sydney B. 
Babson, Arthur C. 

Badeau, Isaac F. 
Balcome, Herbert A. 
Baldwin, Alfred De V. 

Baldwin, Jas. C. T. 

Ball, Wm. D. 

Balsley, Abe 

Bancroft, Chas. F. 

Bangs, Chas. R. 
izo ) 


Address. 

Electrical World and Engineer, 120 
Liberty St., New York, residence, 
Hotel Margaret, Brooklyn, N. Y. 

Electrician, 32^4 Webster wSt., New¬ 
ark, N. J. 

President, Natick Gas and Electric 
Co., Natick, Mass. 

Westinghouse Electric and Mfg. Co. 
120 Broadway, New York City. 

Electrical Engineer, 31 Burling Slip, 
New York City. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 

Consulting Engineer, 95 Liberty St.; 
residence, 63 Central Place, Brook¬ 
lyn. N. Y. 

Assistant to H de B. Parsons, Con¬ 
sulting Engineer, 22 William St., 
residence, 40 W. .36th St., New 
York City. 

The Atwocd Power and Speed Gage 
Company. 05 Liberty St., New York 
City : residence, Washington St., 
Hoboken, N. J. 

Electrical Engineer, 39 Cortlandt 
St., New York City. 

Construction Dep’t New York Tele¬ 
phone Co., 32 Gold St., New York. 

Student, Electrical Engineering, Uni¬ 
versity of California, Mechanics 
Building, Berkeley, Cala. 

General Electric Co.; residence, X44 
Lafayette St., Schenectady, N. Y. 

With The B. F. Sturtevant Co., 
Jamaica Plain Station, Mass. 

Selling Agent, Crocker-Wheeler Elec- 
trie Co , P. O. Box, 267 ; residence, 
206 W. 81 St,, New York. 

Superintendent Bell Telephone Co., of 
Mo.; lothand Olive Sts., vSt. Louis 
Mo. 

Consulting Electrical Engineer. Nagle 
and Ball, New York I.ife Building, 
Chicago, Ill. 

Electrician, Terre Haute Electric 
Railway Co , 514 No. Center Street, 
Terre Haute, Ind. 

Electrical Engineer, Massachussetts 
Electric Companies, 14 Kilby St., 
Boston, Mass. 

Special Agent, American Telephone 
and Telegraph Co., 15 Dey St. 
New York. 


Date of Election, 

May 21, 1895 
Feb. 24, 1891 
Aug. 5, 1896 
June 20, 1894 
Nov. 21, 1894 
June 24, 1898 

Nov. 21, 1894 

June 23, 1897 

Sept. i6, 1890 
Sept. 20, 1893 
Sept. 25, 1895 

Mar. 28, 1900 
Feb. 26, 1896 
Oct. 27, 1897 

Aug. 13, 1897 

April 17, 1895 

Nov. 20, 1895 

Oct. 27, 1897 

Dec. 18, 1895 

Jan. 26, 1898 



ASSOCIATE MEMBERS 
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Name. 

Address. 

Date of Election. 

Banks, William C. 

Electrician, Gordon-Burnham Battery 
Co., 594 Broadway, New York City. 

May 

18, 1897 

Barbour, Fred Fiske 

Manager, Sales Department, Pacific 
District, General Electric Co.,Claus 
Spreckels Bldg.,San Francisco,Cal., 
and 1383 PVanklin St., Oakland, 
Cal. 

. May 

16, 1893 

Barnes, Chas. R. 

City Electrician and Electrical Expert 
to State R. R Commission, Roch¬ 
ester, N. V. 

Aug. 

13, 1897 

Barnes, Edward A. 

Electrical Expert, Fort Wayne Elec¬ 
tric Co., Fort Wayne, Ind. 

Sept. 

20, 1893 

Barnes, Howell Henry General Engineer, Mexican Electric 
Works Ltd. Apartado, 905, Mexico 
City. 

Feb. 

28, 1900 

Baron, Max D. 

Outside Superintendent for Harry 
Alexander ; residence, 61 East 75tli 
St., New York City. 

Mar. 

28, 1900 

Barry, David 

Electrician and Superintendent, Am¬ 
herst Gas Co., Amherst, Mass. 

Aug. 

5, 1896 

Barton, Enos M. 

President Western Electric Co., 227 
South Clinton St., Chicago, Ill. 

July 

12, 1887 

Bates, Frederick C. 

Electrical Engineer, General Electric 
Co., 44 Broad St,, New York City. 

Jan. 

20, 1891 

Bates, Putnam A. 

Assistant Secretary, Crocker-Wheeler 
Co., 39 Cortlandt St.; residence, 

113 W. 72d St., New York City. 

Jan. 

20, 1897 

Baugher, E. C. 

Engineer of Construction, Westing- 
house Elec. & M’f’gCo., c/a Tokata 
& Co., Tokio, Japan. 

Nov. 22, 1899 

Baum, Frank George 

219 First St., Pittsfield, Mass. 

Nov. 

22, 1899 

Beames, Clare F. 

Ingeniero, Mexican General Electric 
Co., Apartado 403, City of Mexico. 

May 

21, 1895 

Bechtel, Ernest J. 

Superintendent Lighting and Con¬ 
struction, Toledo Traction Co., To¬ 
ledo, 0. 

Mar. 

24. 1897 

Beebe, Murray C. 

Geo. Westinghouse, Exp. Dept.,Wes- 
tinghouse E. and Mfg. Co., Amber 
Club, Pittsburg Pa. 

Jan. 

26,1898 

Behrend, Bernhard E. 

Consulting Engineer, Box 604, Erie, 
Pa. 

Jan. 

24, 1900 

Bell, Ora A. 

Electrical Engineer, Western Electric 
Co., 22 Thames St., New York; 
residence, 921 St. Nicholas Ave., 
New York. 

Aug. 

5, 1896 

Bellman, John Jacob 

Electrical Engineer, Westinghouse, 
Church, Kerr & Co., 26 Cortlandt 
St.; residence, 90 King St., New 
York, N. Y. 

Dec. 

28, 1898 

Bennett, Edwin H., J r. 

Electrician and Engineer, Diehl & Co., 
Elizabethporl, N. J., and 19 West 
33d St., Bayonne, N. J. 

June 

00 

M 

cT 


( 19 ) 
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Name. Address. Date of Election, 

Bennett, John C. Electrician, General Electric Co., 44 

Broad St. ''New Vork City. Mar. 18, 1890 


Benoliel, Sol. D., B, N., E. A, Af. Consulting Electrical En¬ 
gineer, Adelphi College, Brooklyn, 
N. Y. 


Bentley, Merton H. 


Berg, Ernst Julius 


Berg, Eskil 


Superintendent, New Telephone Co., 
230 North Meridian St., Indianapo¬ 
lis, Ind. 

Engineer, General Electric Co.; resi¬ 
dence, 243 Liberty St., Schenectady, 
N. Y. 

Electrical Engineer, Gen’l Electric 
Co., Schenectady, N. Y. 


Oct. 21, 1896 

Oct. 18, 1895 

Sept. 19, 1894 
Nov. 20, 1895 


Bergholtz, Herman Secretary and Treasurer, Ithaca Street 

Railway Co., Ithaca, N. Y. April 2, 1889 

Berliner, Emile Inventor, Columbia Road, between 

Fourteenth and Fifteenth Sts., 

Washington, D. C. April 15, 1884 


Berresford, Arthur W., B. S., AI. E. Vice-Pres’t and Supt. 

Iron Clad Resistance Co., Westfield, 
N. J. 

Best, A. T. Electrical Engineer, Florida East Coast 

Hotel System, St. Augustine, Fla. 

Bethell, U. N. General Manager, The New York 

Telephone Co., 15 Dey St., New 
York City. 

Betts, Hobart D., E.E., Room 517. 141 Broadway. New York, 
N. Y.; residence, Englewood, N. J. 

Beveridge, Edmund Walter Assistant Engineer, P. W. D. 

Bulsar, Surat D. Bombay Presi¬ 
dency, India. 

Biddle, James G. Electrical and Scientific Instruments, 

Drexel.Bldg., Philadelphia, Pa.; resi¬ 
dence, 417 West Price St., German¬ 
town, Pa. 

Bijur. Joseph, A, B., E. E. 34 Nassau St.; residence, 172 West 
[Life Member.! 75th St., New York City. 

Black, Chas N. Ford, Bacon & Davis, 149 Broadway, 

New York; residence, 31 Boy ken 
St., Morristown, N. J. 

Black, Howard D. With Blackall & Baldwin, 39 Cortlandt 
St.; house, 340 Manhattan Ave., 
New York, N. Y. 

Blackall, Frederick, S. P. O. Box. 267; office, 39 Cortlandt 
St.; residence, 51 Manhattan Ave., 
New York. 

Blackwell, Francis O. Engineer, Power and Mining Dept., 
General Electric Company, Schenec¬ 
tady, N. Y. 

Blake, Henry W. Editor, Street Railway Journal^ 120 

Liberty St., New York City. 

Blake, Theodore W. Electrical Engineer, 410 Bleecker St., 
residence. Engineers Club, 374 5th 
Ave., New York, .V, V. 


May 15, 1894 
April 19, 1894 

Jan. 17, 1894 
Aug. 5, 1896 

Jan. 24. 1900 

Aug. 5, 1896 
May T5, 1894 

April 19, 1890 

Sept. 15, 1897 

Sept. 15, 1897 

Mar. 28, 19C0 
Nov. 13, 1888 

Sept. 20, 1893, 


(20) 
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Name. 

Address. 

Date of Election* 

Blanchard, Charles M. 

1127 Betz B'ld’g., Philadelphia; resi¬ 
dence, Winterburn, Pa. 

Sept. 

19, 1894 

Blaxter, Geo. H. 

Room 44, Second National Bank 
Building, Pittsburg, Pa. 

Sept 

25, 1895 

Bliss, William L., B. S., 

, M. M, E. Electrical Engineer, 128 
Front St., New York City; residence, 
505 Throop Ave.. Brooklyn, N. Y. 

Mar. 

21, 1894 

Blizard, Charles 

Manager Sales Department Electric 
Storage Battery Co., igth St., and 
Allegheny Ave., Philadelphia ; resi¬ 
dence, 141 School Lane, German¬ 
town, Pa. 

Nov. 

21,1894 

Blunt, Willam W. 

Engineer, Westinghouse Electric and 
M’f’g Co , Ltd., Westinghouse 
B’ld’g, Norfolk St., Strand, W. C., 
London, Eng. 

Dec. 

16, 1896 

Bogkn, Louis E. 

Instructor in Physics, University of 
Cincinnati ; residence, 547 Hale 
Ave., Avondale, Cincinnati 0 . 

May 

16, 1899 

Bogue, Charles J. 

Manufacturer an<l Dealer in Electrical 
Supplies, 206 Centre St., N.Y. City. 

Dec. 

3,1889 

Bohm, Ludwig K., Ph,D.^ Consulting Electrical and Chemical 
Expert, 320 Broadway, N. Y. City. 

Nov. 

15, 1892 

Bolan, Thomas V. 

Local Engineer, General Electric Co., 
509 Arch St.; residence, 708 N. 
40th St., Philadelphia, Pa. 

Aug. 

5, 1896 

Bonynge, Paul 

Attorney and Counsellor-at-Law firm 
of Latson & Bonynge, 141 Broad¬ 
way. New York, residence, 104 
Berkeley Place, Brooklyn, N. Y. 

May 

16, 1899 

Bowman, Joseph H. 

Material Agent, Ferro-carril de Chia. 
al Pac., Chihuahua, Mexico. 

May 

16, 1899 

Boyd, John Duncan 

Electrician, Yuba Electric Power Co., 
Marysville, Cala. 

Feb. 

28, igoo- 

Boyles, Thomas D. 

Electrical Engineer, General Electric 
Co.; re.sidence, 406 Union St., 
Schenectady, N. Y. 

Mar. 

20, 1895 

Brackett, Byron B. 

18 Third St., S.E., Washington, D. C. 

Nov. 

30, 1897 

Brackett, Prof. Cyrus F. Princeton, N. J. 

April 15, 1889 


Braddell, Alfred E. Electrical Inspector, Underwriters' 


Association, Middle Department, 
316 Walnut St., residence. 7435 
Boyer St., Me. Airy, Philadelphia, 



Pa. 

Sept. 

I, 1890 

Bradt, Paul T. 

Manager, Central N. Y. Agency, West¬ 
inghouse Electric and Mfg. Co., 
Syracuse, N. Y. 

July 

12, 1887 

Bragg, Charles A. 

Manager Phila. Agency, Westing¬ 
house Electric and Mfg Co., Land 
Title Building, residence, 3420 
Powelton, Ave., Philadelphia, Pa. 

Sept 

20, 1895 

Brayshaw, I. 

Telegraph Inspector Great Southern 
Railway, City of Buenos Aires. 

Aug. 

5, 1896 

Brixey, W. R. 

Proprietor and Manufacturer, Day’s 
Kerite W’ire and Cables, 203 Broad¬ 
way, New York City. 

Sept. 

20, 1893 


( 20 ) 
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Name. 

Broich, Joseph 


Broili Frank 


Brophy, William 


Address, 

Superintendent and Electrician, with 
F. Pearce, New York City; resi¬ 
dence,1622 8th Ave, Brooklyn, N.Y. 

Electrical Eng^ineer, California Elec. 
Works ;residence, 154 Hickory Ave., 
San Francisco, Cal. 

Chief Electrician to the Wire Depart¬ 
ment, 12 Old Court House, Boston; 
residence, 17 Eg-leston St., Jamaica 
Plain, Mass. 


Date of Electioa 


Jan. 17, 1894 


Feb. 23, 1898 


Mar. 5, i88y 


Browd, Paul K. Chief Engineer, The Russian Electric 

Company, “Union.’' Box 188, Kiev., 
Russia. 

Brown, Chas. L. Gen’l Manager and Sec’y, Chicago 

Mutoscope Co., 1309 Monadnock 
Block, Chicago, HI. 

Brown, Ellis Eugene Electrical Engineer, Philadelphia and 
Reading Railway Co., 7th and 
Franklin Streets, Reading, Pa. 

Brown, Hugh Thomas Mechanical and Electrical Engineer, 
with General Electric Co., 227 E. 
German St., Baltimore Md. 


Buck, Harold W. 107 Union St., Schenectady, N. Y. 

Buckingham, Chas. L. Patent Attorney, Western Union Tele¬ 
graph Co., 195 Broadway, P. O. 
Box 856, New York City. 

Bunce, 1 HEODORE D. President, The Storage Battery Supply 
Co., 239 E. 27th St., New York City. 

Burgess, Ciias. Fred’k. Ass t Professor of Electrical Engi¬ 
neering, University of Wisconsin, 
residence, 609-Lake St., Madison, 
Wis. 

Burke, James Klopstack Strasse, 15; Berlin, 

Germany. 

Burkett, Chas. Watson General Inspector, Southern Bell Tel. 

& Tel, Co., Atlanta, Ga. 

Burnett, Douglass, B.S. Edison Illuminating Co., Inspection 
Dept., 55 Duane St., New York 
City; residence^ 42 Livingston St., 
Brooklyn, N. Y. 


Burroughs, Harris S. 

Burt, Byron T. 
Burton, Paul G. 

Butler, William C. 
Buys, Albert 

Byrns, Robert A. 

(20) 


Sprague Electric Co., 527 W. 34th St., 
New York; re<;idence, 1416 Pacific 
St., Brooklyn, N, Y, 

With Chattanooga Light & Power Co., 
Chattanooga, Tenn. 

Switchboard Dep’t. Western Elec¬ 
tric Co.; residence, 149 Lenox 
Ave, New York City. 

President, The Puget Sound Reduction 
Co., Everett, Washington. 

Electrical Engineer, The Rahway 
Electric Co., 105 Irving St., Rah¬ 
way, N. J. 

Ohio Brass Company, 20 Broad Street 
New York City. ’ 


Feb. 15, 1899 

Nov. 20, 1895 

May 16, 1899 

Jan. 26, 1898 
Jan. 16, 1895 

April 15, 1884 
May 20, 1890 

Mar. 25, 1896 
May 16, 1893 
Aug. 23, 1899 

Feb. 21, 1893 

Nov. 30, 1897 
Sept. 25, 1895 

Nov. 20, 1895 
Mar. 21, 1893 

Feb. 7, 1890 
Dec. 16, 1896 
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Name. Address. 

Cabot, Francis Elliott Supt. of Inspection and Electrician, 
Boston Board of Fire Underwriters, 
55 Kilby Street Boston ; residence, 
East Milton. Mass. 

Cabot, John Alfred 124 W. 127th St., New York City. 

Caldwell, Edward President T'rade Paper Advertising 
Co , 150 Nassau St., New York City; 
residence, 409 E. 5th St., Plain- 
held, N. J. 

Caldwell, Francis Cary Associate Professor of Electrical En¬ 
gineering, Ohio State University, 
residence Sth and Michigan Aves., 
Columbus, O. 

Campbell, Henry Arthur Electrician, Jamaica Electric light 
& Power Co., Ltd., 58 Harbor St , 
Kingston, Jamaica. 


Canfield, Milton C, 


Canfield, Myron E. 
Capuccio, Mario 


Electrical Engineer, The Cleveland 
Contracting Co., 6th and Wyandotte 
Sts ; residence, 18 Clinton St., 
Cleveland, O. 

Western Electric Co.; residence, 404 
W. 44th St. New York City. 

Raimondo A Capuccio, Consulting 
Engineers and Patent Agents, Piazza 
Statute 15, Turin, Italy. 


Carichoff, E. R. Electrical Engineer. Sprague Electric 

Co., Bloomfield, N. J. 

Carpenter, Chas. E. Vice-President, Carpenter Enamel 
Rheostat Co., Bronxville, N. Y. 

Carter, Frederick William' Electrician, 38 Howard St.;iesi- 
dence, 82 Hampton Road, Birch- 
fields, Birmingham, Eng. 

Carty, John J. Chief Engineer, New York Telephone 

Co., 15 Dey St., New York City ; 
residence, Short Hills, N. J. 

ig6 West Genesee St., Auburn, N. Y. 


Case, Willard E. 
Cassidy, John 


Superintendent Mutual Telephone Co., 
Honolulu, Hawaiian Islands,U.S. A. 


Chapman, A. Wright 160 Hicks St., Brooklyn, N. Y. 

Chappell, Walter E, Electrician, on U. S. S. Chicago, U. S. 

Navy, Washington, D.C.; residence, 
Barnesville, O. 


Cheney, Frederick A. Maple Avenue, Elmira, N. Y. 


Childs, Sumner W. Perth Electric Tramways, LT’d., 
Perth, Western Australia. 

Childs, Walter PI. Brattleboro, Vt. 

Clark, Chas. Clark & MacMuUen, 42 E. 23d St., 

New York City. 


Clark, LeRoy, Jr. Electrical Engineer of the Safety Insu¬ 
lated Wire and Cable Co., 229 West 
28th St., residence, 208 West 85th 
St., New York City. 


Date of Election. 

April 17, 1895 
May 16, 1893 

Jan. 20, 1891 

June 20, 1894 
Sep. 27, 1899 

Feb. 21, 1893 
May 21, 1895 

Dec. 20, 1893 
Mar. 21, 1894 
Aug. 5, 1896 

Sept. 28, 1898 

April 15, 1890 
Feb. 7, 1S88 

Nov. 23, 1898 
Mar. 25, 1896 

May 16, 1899 
Oct. I, 1889 

May 15, 1894 
Sept. 6, 1887 

April 22, 1896 

May 15, 1894 
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Name. 

Clark, William J. 
Clark, Wm. Edwin 

Clement, Edward E. 
Clement, Joseph 

Clement, Lewis M. 
Clough, Albert L. 
Codman, John Sturgis, 

CoDV, L. P. 

Coffin, Chas. A. 

Coho, Herbert B. 

Coleman, Walter H. 
Coles, Edmund P. 

Collett, Samuel D. 

Compton, Alfred G. 

Copeland, Clement A. 
Corey, Fred Brainard 

Cornell, John B. 
Corson, William R. C. 
Cory, Clarence L. 

( 19 ) 


Address. 

Date of Election 

General Manager, Railway Dept. Gen¬ 
eral Electric Co., 44 Broad Street, 
New York Cityu 

April 

22, 1896 

With Clark & Mills, Engineers and 
Contractors, 57 Brattle St.; resi¬ 
dence, 1440 Mass. Ave., Cambridge, 
Mass. 

Aug. 

23, 1899 

Patent Attorney and Electrical expert, 
Firm of Clement & Gharky, 1205-6 
Stephen Girard B’ld’g., Phila., Pa. 

May 

18, 1897 

Consulting Eleclricial Engineer, 

Messrs. Eckstein & Co., and Rand 
Mine, Box 149, johannesburg. 
S. A. R. 

Apr. 

26, 1899 

Haywards Almeda Co., Cal. 

April 21, 1891 

Box 114, Manchester, N. H. 

Feb. 

21, 1894 

Consulting Engineer. Associated with 
R. S. Hale, 3 r Milk St.; residence, 
57 Marlborough St., Boston, Mass. 

Feb. 

15, 1899 

Manager and Engineer, Grand Rapids 
Electric Co., 9 South Division St., 
Grand Rapids, Mich. 

Aug. 

5, 1896 

General Electric Co., 180 Summer 
St., Boston, Mass. 

Dec. 

6, 1887 

New York Manager Eddy Elec. Mfg. 
Co , 149 Broadway. New York City, 
residence, Mt. Vernon, N. Y. 

Mar. 

21, 1894 

Supt. and Treasurer, Andover Elec¬ 
tric Co., Andover, Mass. 

Sept. 28, 1898 


Ex-Resident Engineer, Manaos, Elec¬ 
tric Lighting Co., Resident Engi¬ 
neer, Manaos Railway Co , Manaos, 

U. S, Brazil. Oct. 23, 1895 

Eastern Manager, Elevator Supply "" 

and Repair Co.. 136 Liberty St., 

New York City; residence, 156 

Clinton St,, Brooklyn, N. Y. Feb. 26, 1896 

Professor of Applied Mathematics, 

College of the City of New York, 

17 Lexington Ave.; residence, 40 

W. 126th St, |New York City. Nov. i 1887 

Acting Professor of Electrical Engin¬ 
eering, Stanford University, Cai. June 23, 1897 

Mechanical Engineer, Westinghouse 
Machine Co., East Pittsburg: resi¬ 
dence, “The Colonial," Wilkins- 

Pa- Dec. 20. 1893 

Supt. of Construction, with^Chas. L. 

Cornell, Hamilton, O. Sept, 25, 1895 

Superintendent, The Eddy Electric 
Mfg. Co., Windsor, Conn. Jan. 17, 1893 

Professor of Electrical Engineering, 

University of California, Berkeley, 

April 19, 1892 
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Name. Address. 

Cosgrove, James Fr.a.ncis Head of Locomotive Engineering 
Dept., International Correspondence 
School, 631 Madison Ave., Scranton 
Pa. 


Crain, John Jay, 225 4Qth St., Newport News, Va. 

Crandall, Chester D. Assistant Treasurer, Western Elec¬ 
tric Co., 227 South Clinton St.; 
residence, 2821 Sheridan Road Chi¬ 
cago, III. 

Crane, W. F. D. Electrical and Mechanical' Engineer, 

Columbia and Electric Vehicle Co., 
Hartford, Conn.; lesidence, 24 Rey¬ 
nolds Terrace, Orange, N. J. 

Crawford. David Francis Supt. Motive Power, Penn ’a Co., 
P’ort Wayne, Ind. 

Creaghead, Thomas J. President and General Manager, 
Creaghead Engineering Co., 802 
Plum St., Cincinnati, O. 

C REHore, Albert C., The Crehore Squier Intelligence 

Transmission Co., Brookside Park, 
Tarry town, N. Y 

Criggal, John E. Mechanician with Western 'P^lectric 

C'o.; residence, 296 W. iith St., 
New York City. 

Crocker, Eben Clinch Electrical Engineer, American Ord¬ 
nance Co.. 29 Harriet Street, 

Bridgeport. Conn. 

Potomac Light and Power Co., 1417 
G Street, Washington, D. C. 

Chief Electrician, Pacific Power Co., 
23 Stevenson St ; office, Laurel 
Hill Cemetery, San Francisco, Cal. 

251 So. I2th St., Philadelphia, Pa. 

Sup’t Fort Dcdge Light and Power 
Co., Fort Dodge, Iowa. 

325 Hudson St., Hoboken, N. J. 
Santiago, Chili. 


Crosby, Oscar T. 
Crowell, Robinson 

Cumner, Arthur B. 
Cunningham, E. R. 

CuNTZ, Johannes H. 
Currie, N. M. 


daCunha, Mangel Ignacio Manager of the Electrical Section, 
Emprera Industrial Gram-Para, 
Para, U. S. of Brazil. 


Daggett, Royal Bradford Electrical Engineer, Electric Stor¬ 
age Battery Co., Marquette Build¬ 
ing, Chicago, Ill. 

Damon, Geo. A. With B. J. Arnold, Electrical Engin¬ 

eer, 1541 Marquette Building, Chic¬ 
ago, 111. 


Damon, Geo. B. 
Dana, R. K. 


Farragut St., cor Wellesley Ave., 
Pittsburg, Pa. 

240 W. 74th St., New York City. 


Danielson, Ernst Consulting Electrician, VestraTradgar- 
dsgatan 15 B, Stockholm, Sweden. 
,D ARROW, Eleazar Professor M. E. Dept. Washington 

Agr. College, Pullman, Wash. 


Date of Election. 

Nov. 23, 1898 
Dec. 16, 1896 

Sept. 27, 1892 

Feb. 7, 1888 
Sept. 25, 1895 

Sept. 20, 1893 

Dec. 2t, 1892 

June 20, 1894 

Jan. 26, 1898 
Mar. 18, 1890 

Dec. 28, 1898 
Feb. 27, 1895 

Jan. 22, 1899 
Mar. 5, 1889 
Feb. 15, 1899 

May 16, 

J^n, 25, 1899 

Jun. 24, 1898 

June 23, 1897 
April 15, 1884 

June 27, 1895 
Aug. 5, 1896 


( 22 ) 
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Name. 

Address. 

Date of Election 

Dates, Henry B,, 

Professor of Electrical Engineering 
and Physics, Clarkson School of 
Technology, Potsdam, N. Y. 

Dec. 

28, 1898 

Davenport, George W. 

61 Ames Bldg., Boston, Mass. 

June 

00 

00 

Davidson, Edw. C. 

Patent Lawyer, 141 Broadway, New 
York City. 

Feb 

7, 1890 

Davis, Albert G. 

Acting Manager, Patent Dep’t, Gen¬ 
eral Electric Co , Schenectady, N.Y. 

Mar. 

23, 1898 

Davis, Delamore L. 

Superintendent. Salem Electric Light 
and Power Co., 299 Lincoln Ave., 
Salem, O. 

April 

2, 1889 

Davis, Leslie Foster 

Secretary and Manager. Jamaica Elec¬ 
tric Light & Power Co., Ltd. 38 
Harbor St., Kingston, Jamaica 

Sept. 

27, 1899 

Davis, Joseph P. 

Engineer, American Bell Telephone 
Co.,113 W. 3Sth St.,New York City. 

April 

15, 1884 

Davis, W. J., Jr. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y, 

Mar. 

20, 1895 

Degen, Lewis 

c/o. M. E, Levering, 1414 Chestnut 
St., Philadelphia, Pa. 

Sept. 

25, 1895 

Dempster, Thomas 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 

May 

17, 1898 


DE Nordwall, Charles Flesch, Manager of the Export De- 
partment, Allgemeine Elektricitats- 
Gesellschaft, 22 Schiffbauerdamm, 



Berlin, N. W. Germany. 

Sept. 

27, 1892 

Denh.am, John 

Electrician, Cape Goverement, Cape 
Town, South Africa 

Jan. 

24, 1900 

Denton, James E. 

Professor of Experimental Mechanics, 
Stevens Jnstitute of Technology, 
Hoboken, N. J. 

July 

12, 1887 

DeRedon, Constant 

Consulting Engineer. [Address un¬ 
known.] 

May 

18, 1897 

Dexter, Frank H. 

Draughtsman, Nassau Electric Co., 
268 23d St.; residence, 391 8th St., 
Brooklyn, N. Y. 

June 

24, 1898 

Dey, Harry E. 

711 E. 136th St., New York City. 

Dec. 

19, 1894 

Dickerson, E. N. 

Attorney-at-Law, 141 Broadway ; resi¬ 
dence 64 E. 34th St., New York City. 

April 15, 1884 

Dieterich, Fred. G. 

Solicitor of Patents and Mechanical 
Expert, 602 F Street, Washington, 

July 

x8, 1899 

Dinkey, Alva C. 

Supt. Electric Dept., Homestead Steel 
Works, Munhall, Pa. 

Feb. 

17, 1897 


Dobbie, Robert S. Electrical Engineer, Riding Mill-on- ■ 

Tyne, Northumberland, Eng. Feb. 5, 1889 

Doherty, Henry L. 40 Wall Street, New York City. Sept. 28, 1898 

Doolittle, Clarence E. Manager and Electrician, Roaring 
Fork Electric Light and Power Co., 

Aspen, Colo. May 15, 1894 

Doolittle, Thomas B. Engineering Department, American 
Bell Telephone Co., 125 Milk St., 

^ Boston, Mass. 

(23) 


May 16, 1893 
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Name. .Address. 

Doremus, Charles Avery M.D. Ph.D. 59 \V. 51st St., New 
York City. 

Downes, Louis, \V. Vice-President and General ^lanager, 
The 1 ). Sz \V. Fu^e Co , 53 Aborn 
St., Providence-, R. 1. 

Downing, P. M. Electrician, Standard Mining Co., 

Bodie, Mono Co., Cal. 


Dressler, Charles E. 17 Lexington Ave., New York City. 


Drysdale, Dr., W. A. 
DuBois, Tuthill, 


Consulting Electrical Engineer, Hale 
Building, Philadelphia, Pa. 

2195 Pitkins Ave., Brooklyn, N. Y. 


Duncan, John D. E. Electrician Consolidated Railway, 
Electric Light and Eng. Co., 100 
Broadway, New York; residence, 18 
Sidney Place, Brooklyn, N. Y. 

Duncan, Thomas Manager, Meter.Dep’t, Siemens & 

Halske Electric Co., Grant AVorks, 
Chicago; residence, Jio North Cen¬ 
tral Ave., Austin, Ill. 


Dunn, Ci.ifford E. Patent Attorney, 1029 Park Row Bldg, 
New York City, residence, 12-a 
Monroe St., Brooklyn. N. Y. 

Dunn, Kingsley G. British Columbia Electric Railway, 
L’t’d., 37 John Street, Victoria, 
B. C, 


Durant, Edward 

Durant, Geo. F. 
Dyer, Ernest I. 

Eddy, H. C. 
Edmands, I. R. 

Edwards, James P. 


Chief Electrical Engineer, Manhattan 
State Plospital of the State of New 
York, Ward’s Island, N. Y.; resi¬ 
dence, II 5 East 26th vSt., New York 
City. 

Vice-Pres’t Bell Telephone Co., of Mo., 
Telephone Building, St. Louis, Mo. 

Engineer and Manager of the Engi¬ 
neering Department of the American 
Trading Co., Box 28, Yokohama, 
Japan. 

Electrical Engineer and Contractor, 
Lees Building, Chicago, Ill. 

Electrical Engineer, Union Carbide 
Co., residence, 315 Buffalo Ave., 
Niagara Falls, N. Y. 

Consulting Electrician, Augusta, 
residence, Montesano, Summerville, 
Ga. 


Edwards, Clifton V. 
Eglin, Wm. C. L. 


Ekstrom, Axel 
Ellard, John VV. 


Attorney-at-Law and Solicitor of Pa¬ 
tents, 220 Broadway, New York. 

Electrical Engineer, N..E. cor loth 
and Sansom Sts., residence, 4230 
Chester Ave., Philadelphia, Pa. 

Electrical Engineer, General Electric 
Co.; Schenectady, N. Y. 

Treasurer, Edion Electric Illuminat¬ 
ing Co., 15 South Street, Baltimore, 
Md. 
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Date of Election 

July 

7 . 

1884 

Nov. 

22, 

1899 

June 

24, 

1898 

Dec 

16, 

1890 

Sept. 

19. 

1894 

Aug. 

23, 

1899 

Mar. 

20, 

1895 

Oct. 

17, 

1894 

Feb. 

15. 

1899 

Oct. 

17, 

1894 

Nov. 

15, 

1892 

April 

15, 

1884 

Jan. 

25, 

1899 

June 

20, 

1894 

June 

23. 

1897 

April 

19, 

189a 

Nov. 

22, 

1899 

Sept. 

I 9 t 

1894 

June 


1S90 

June 

23 > 

1897 
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ASSOCIATE MEMBERS 


Name. Addiess. 

Elias, Albert B. 1310 Washburn Street, Scranton, Pa. 

Ellis, John Manager, The Lonsdale Co's Electric 

Light Plant, Lonsdale, R. I. 

Ellis, R. Laurie Electrician. 803 Broad St., residence 

215 Monument St., Augusta, Ga. 

Elmer, William. Jr, General Foreman; Electric Car Service 
West Jersey and Seashore R. R. Co., 
residence, 3b N. Vernon Ave., At¬ 
lantic City, N. J. 

Ely, Wm. Grosvenor, Jr. Ass‘t Supt. Construction, General 
Electric Co., 849 Union Street, 
Schenectady, N. Y. 

Emerick, Louis W. Electrical Engineer, The Solvay Pro¬ 
cess Co., Syracuse, N. Y.; residence 
No. 14, The Kenyon, Harrison St., 
Syracuse, N. Y. 

Ende, Siegfried H. 121 E. 77th St., W. New York City. 

Entz, Justus Bulkley Electrical Engineer, Electric Storage 
Battery Co., 19th St., and Allegheny 
Ave., Philadelphia, I^a. 

Erickson, F. Wm. Electrical Engineer, The Erickson 

Electric Equipment Co., 71 Federal 
St., Boston, Mass. 

Esterline, J. Walter Instructor Electrical Engineering, Pur¬ 

due University,residence, 124 Grant 
St., Lafayette, Ind. 

Esty, William Associate Professor of Electrical Engi 

neering, University of Illinois, Ur- 
bana, Ill. 

Etheridge, Locke Mechanical Engineer, loor Monad- 
nock JLld’g,44 E. 50th St.,Chicago, 
III. 

Evans, Clement W, hdectrical Engineer, .American Engi¬ 
neering Co., Box 2100 Mexico City. 

Evans, Paul H. Chief Engineer Mexican GencraLElec- 

trie Co., Apartado 403 Mexico City. 

Eyre, Manning K. c/o W. L. R. E'mmel, Schenectady, 
N. Y. 

Farnsworth, Arthur J. Chief Engineer, I'.ast Chester E^lectric 
Co., 3 Depot Idace, Mount Vernon ; 
residence, 30 Heechwood Ave., New 
Rochelle, N. Y. 

Fielding, Frank E. Chemist and Assayer, Virginia City, 
[Life Member.] Nev. 

Finney, John C. Cashier, Wisconsin Trust Co.; resi¬ 

dence, 34 Prospect Ave, Milwaukee, 
Wis. 

Firth, Wm. Edgar Chief Engineer, The Midvale Steel 
Co.,’ Nicetown, Philadelphia; resi¬ 
dence, 7203 Boyer vSi., Germantown, 
Pa,’ 

Fish, Fred. Alan Assistant in Electrical Engineering, 

Ohio State University, 229 West 
iith Avenue, Columbus, Ohio. 


Date of Election, 
Jan. 26, i8g8 

Apr. 

26, 1899 

April 26, 1899 

Mar. 

18, 1890 

Mar. 

21, 1893 

Aug. 

Jan. 

13, 1897 
17, 1894 

Jan. 

7, 1890 

Sep. 

19. 1894 

Mar. 

28, 1900 

Mar. 

20, 1895 

Oct. 

17. 1894 

Fob, 

28, X900 

Jan, 

24, 1900 

Oct 

17, 1894 

Jan. 

16, 1895 

Sept. 

6, 1887 

Dec. 

28, 1898 

Mar. 

25, 1896 

Mar. 

28, 1900 


Fisher, Henry W. 


Electrician and Director of lUec. and 


Chem. Laboratories; The Standard 
Underground Cable Co.,'Pittsburg, 


( 21 ) 


Jan. 16, 1895 
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731 


Name. 

Fitzhugh, Wm. H. 
Flather, John J. 


Address. 

Supt. Bav City Electric Plant,. Bay 
City, Mich. 

Professor of Mechanical Engineering, 
University of Minnesota; residence, 
316 loth Ave., S. E., Minneapolis, 
M inn. 


Fleming, John Breckenridge, M. M , and Elec. Engineer, 
Silver King Mill, Park City, Utah. 


Fliess, Robert Anton 201 W. 55th St., New York City. 

Flood, J. F. Sup’t Steubenville Traction Co., 

Steubenville, O. 

Floy, Henry Consulting Electrical and Mechanical 

Engineer, 220 Broadway, New York 
City. 


Fog, Carl F. Electrician, General Electric Co.; 

residence, 29 Commercial St,, Lynn, 
Mass. 


Foote, Thos. H. 
Forbes, Francis 
Forbes, George 


Electrical Engineer, Westfield, N. J. 

Lawyer, 32 Nassau St., New York City. 

Electrical Engineer, 34 Great George 
St.. London, Eng. 


Ford, Arthur PIillyer, E. E. Engineering Dep’t., Western 
Electric Co.; residence, 296 Man¬ 
hattan Ave., New York City. 

Ford, Frank R., M, E. Consulting Engineer, Ford, Bacon & 
Davis, 149 Broadway, New York 
' City. 

Ford, Wm. S. Assistant to Chief Engineer, The 

American Bell Telephone Co., room 
73, 125 Milk St., Boston, Mass. 


Francisco, M. J. 


Frank, Geo. W., Jr. 
Frankenfield, Budd 


Franklin, W. S. 


President and General Manager, Rut¬ 
land Electric Light Co., Rutland,Yt. 

c/o. J. G. W'hite & Co., 29 Broadway, 
New York City. 

Instructor in Electrical Engineering, 
University of Wisconsin, 609' Lake 
St , Madison, Wis. 

Professor of Physics and Electrical 
Engineering, Lehigh University, 
South Bethlehem, Pa. 


FrANTZEN, Arthur Electrical Engineer and Contractor, 
225 Dearborn St., residence, 662 N. 
Irving Ave , Chicago, Ill. 

French, Thomas, Jr. Ph.D. 713 E. Ridgeway Ave., Cin- 
cinnati, O. 


Frenyear, Thomas C. Westinghouse Electric and Mfg. Co., 
782 Ellicott Sq., Buffalo, N. Y. 


Friedlaender, Eugene 
(21) 


Electrician, Carnegie Steel Company, 
Duquesne, Pa. 


Date of Election. 
April 27, 1898 

April 19, 1892 

April 27, 1898 
Mar. 23, 1898 

Mar. 18, 1890 

May 17, 1892 

Mar. 28, 1900 
April 21, 1891 
Sept. 16, 1890 

Feb. 21, 1894 

Mar. 24, 1897 

Mar. 25, 1896 

June 7,1892 
June 17, 1890 
Sept. 28, 1898 

Feb. 17, 1897 

Jan. 22, 1896 

Feb. 21, 1894 
Sept. 20, 1893 
Sept, 25, 1895 
Nov. 20, 1895 
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associate MEMBEES 


Name. 

Frost, Joseph W. 


Fry, Donald Hume 
Gallaher, Edward B. 


Gallatin, Albert R. 


Ganz, Albert F. 


Address. 

Secretary, National Automatic Fire 
Alarm, 335 Broadway, New Vork 
City, 

Snoqualmie Falls Power Co., Snoqua- 
Imie, Wash. 

The Pneumatic Supply and Equip¬ 
ment Co., 120 Liberty St,; residence, 
137 W. iTbthSt., New York City. 

Student at Columbia University, resi¬ 
dence 58 W.’ 55th St,, New York 
City. 

As.«5istant Professor, Physics and Ap¬ 
plied Electricity, Stevens Institute ; 
reside!) ce 612 RiverSt., Hoboken, N. J. 


Garrels, W. L. Garrels & Freeman, Consulting Engi¬ 

neers, Franklin Bank B’ld'g.; resi¬ 
dence, 4531 West Pine Boulevard, 
St. Louis, Mo. 

Garfield, Alex. Stanley Engineer, Cie Thomson-liouston, 
27 Rue de Londres, Paris, France. 


Gaytes, Herbert Electrical Engineer, 395 Vernon St., 

Oakland, Cal. 


Gherardi, Bancroft, ]r., Engineer, Traffic Dept. New York 
Telephone Co.; 15 Dey St., New 
York City; residence, 33 Evergreen 
Place, East Orange, N. J. 

Gibson, Geo. H. Assistant Editor Engineering News, 

220 Broadway; residence, 136 E.71st 
St., New York City. 

Gilliland, E. T. Pelham Manor, N. Y. 

Gilmore, Lucien H. Prof, of Physics and Electrical Engi¬ 
neering, Throop Polytechnic Insti¬ 
tute, Pasadena, Cal. 


Gladson, Wm. N. Professor of Electrical Engineering, 

University of Arkansas, Fayetteville, 
Ark. 

Gladstone, James Wm. Manager, Edison Mfg. Co., no East 
23d St., New York City ; residence, 
West Orange, N. J. 

Goddard, Chris. M. Secretary New England Insurance 
Exchange. Sec’y Underwriters* Na¬ 
tional Pdectric Ass*n, 55 Kilby St,, 
Boston, residence, ii Glenwood 
Ave., Newton Centre, Mass. 


Goldmark, Chas. J. .Consulting Electrical Engineer, 29 
Broadway. Tel. 2729 Broad, New 
York City. 

Goodman, Wm. Geo. Toop Electrical Engineer, Tramway Con¬ 
struction under N. S W.Government, 
Public Woks Dep’t; residence, 
86 Bondi Road. Sydney, N.S.W. 


Gordon, Reginald 


Gorrissen, Ch. 

(19) 


Instructor in Physics, Columbia Uni¬ 
versity, residence, 315 W. 71st St., 
New York City. 

With Siemens & Halske, Fltnklin- 
strasse 29, Charlotlenburg, Ger. 


Date of Election 

Mar. 20, 1895 
Nov. 23, 1898 

Jan. 19, 1895 

Mar. 23, 1898 

April 26, 1899 

Mar, 20, 1895 
Jan. 26, 1898 
Mar. 23, 1898 

June 27, 1895 

Nov. 22, 1899 
April 15, 1884 

Mar. 20, 1895 

Dec. 28, 1898 

April 18, 1894 

April 22, 1896 
June 5, 1888 

Aug. 23, 1899 

Feb. 24, 1891 
Mar, 25, 1896 



A8SOOIATB MEMBERS 


788 


Name. Address. Date of Election. 

Gorton, Charles Civil Engineer, Belmont, N. Y. Nov. 12, 1889 

Granbery, Julian H. Jun. Am. Soc, C. E.; residence, El- 

mora, Elizabeth, N. J. Aug. 5, 1896 

Grant, Louis T. Vice-President and General Manager, 

Hawaiian Automobile Co., Box 536, 

Honolulu, H. 1. Nov. 22, 1899 

Graves, Chas. B. Sao Paulo Railway, Light and Power 

Co., Sao Paulo, U. S. Brazil. Sept. 15, 1897 

Greenleaf, Lewis Stone American Bell Telephone Co., 30 
^ Karnsworth St., Boston, Mass. Aug. 5, 1896 

Green, Elwyn Clinton With Commercial Electric Co.:^ resi¬ 
dence. 1710 Prospect St., Indianap¬ 
olis, Ind. Mar. 25, i8g6 

Greenwood, Fred. A. Secretary California Electric Works, 

409 Market St., San Francisco, Cal. April 28, 1897 

Greenwood, George Electrical Engineer and Superinten¬ 
dent, Jalapa Railway and Power 
Co., Jalapa, V. C., Mexico. Jan. 24, 1900 


Gregg, Tom Howard Supt. Electrical Construction,^ U.^ S- 
Light House Board, Tompkinsville. 
S. L, N. Y.; residence, 6 Wall 



St., St. George,’ S. 1 . 

Mar. 22, 1899 

Griffen, John D. 

Inventor, Electric Conduit and Elec¬ 
tric Signaling Apparatus, 60 Broad¬ 
way ; residence, 304 West 90th St., 
New York. 

Aug. 13. 1897 

Griffes, Eugene V. 

Electrical Engineer, 121 E. 4th Street, 
Los Angeles, Cal. 

Feb. 26, 1896 

Griffin, Cap’t Eugene 

First Vice-President, General Electric 
Co., 44 Broad St., New York City. 

Feb. 7. 1890 

Grower, George G. 

Electrician land Chemist, Ansoiiia 
Brass and Copper Co., Ansonia, 
Conn. 

Mar. 18, 1890 

Guy, George Heli 

Secretary, The New York Electrical 
Society, 120 Liberty St, New York 
City. 

May 16, 1893 

Hadley, Arthur L. 

Electrical Engineer,Fort Wayne Elec¬ 
tric Works, residence,* 252 W. De- 
Wald St., Fort Wayne, Ind. 

Oct 17, 1894 

Hadley, Fred'k W. 

[Life Member.] 

Electrical Eng'r, Arlington Heights, 
Mass. 

Aug. 5 * 1896 

Hakonson Carl Harold Electrical Engineer with the 
WAKONSON, ^ Elektricitats Gesellschaft, 

Dorotheeastr 43,|Berlin, N.W., Ger. 

Sept 25, 1895 

Hall, Edward J. 

Vice-President and General Manager, 
American Telephone and Telegraph 
Co., 15 Dey St., New York City. 

April 18, 1893 

Hall, Fred’k A. 

c/oAV. S. Wadsworth. 824 Broadway, 
Chelsea, Mass. 

Aug. 23, 1899 

Hall, J. P. 

Electrical Contractor. Thames St; 

reisidence, 20Q W. I3;6th St., N. Y. 

Aug. 5 . 


(20) 
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A8S0CIATM MEMBERS 


Name. Address. 

Hallbero, J. Henry Electrician, General Incandescent 
Arc Light Co., 575 First Ave., New 
York City. 

Hamerschlag, Arthur A. Consulting Engineer, 100 Maiden 
Lane, New York City. 

Hamilton, James Patent Law Specialist. 53 State St,, 

Boston, residence, 205 Crafts St., 
Newtonville, Mass. 

Hammatt, Clarence S. Manager, Jacksonville Electric Light 
Co., Jacksonville, Fla. 

Hancock, L. M. Supt., Nevada County Electric Power 

Co., P. O. Box 151, Nevada City, 
Cal. 

Hanson, Arthur James Lawrence & Hanson, 3 Wynyard St , 
residence, Drunnmoyne, Sydney, 
N. S. W. 

Harding, H. McL. 20 Broad Street, New York City. 

Hardy, Carl Earnest Student, Cornell University, residence 
804 E. Seneca St ,Ithaca, N.Y. and 
704 N. Broad St., Rome, Ga, 


Harris, George H. Electrical Engineer, Birmingham Rail¬ 
way and Electric Co., Birmingham, 
Ala. 

Hartman, Herbert T. 2nd Vice-President and Chief Engi¬ 
neer. J406 Land Title B’ld'g., resi¬ 
dence, 3135 Clifford St., I’hiladel- 
phia, Pa. 


Harvey, Robert R. 10 So. Franklin St., Wilkes-Barre, Pa. 

[life Member.] 

Hathaway, Joseph D., Jr. Assistant in Cable Dep’t Western 
Electric Co., 57 Bethune St., N. Y. 
City. 


Hatzel, J. C. P'irm ITat2el and Buehler, 114 Fifth 

Ave., residence, 1231 Madison Ave., 
New York City. 


Hedenberg, Wm. L. 


Heft, N. H. 


Healy, Louis W. Treasurer, East Liverpool Railway 

Co., East Liverpool, Ohio. 

Manager and Editor, Zlectriciiy, 136 
Liberty Street, New York City. 

Chief of Electrical DepT N.Y.N.H. & 
H. R. R., New Plaven: residence, 
Bridgeport, Conn. 

Hellick, Chauncey Graham Chicago Telephone Co., 203 
Washington St , Chicago, Ill. 

Henderson, Alex. Electrician, Sprague Electric Co., resi¬ 
dence, 104 W. 115th St. N. Y. 


Henderson, Henry Banks Riverside, Cal. 

Henry, Geo. J., Jr., Engineer for The Pelton Water Wheel 
Co., X43 Liberty St. New York and 
121 Main St., San Francisco, Cal. 

Henry, Leavis Warner Assistant in Engineering Department, 
Mexican General Electric Co , Mex¬ 
ico City. 

Herdt, Louis A. Lecturer on Electrical Engineering, 

M cGill U niversity, Montreal, Canada. 


Date of Election 

Aug. 23, 1899. 
Mar. 25, 1896 

Nov. 23, 1898 
Sept. 20, 1895 

May 19, 1891 

Nov. 22, 1899 
May 24, 1887 

Dec. 27, 1899 

June 20, 1894 

Mar. 21, 1893 
Sept, 25, 1895 

Aug. 5, 1896 

Sept. 3, 1889 
June 26, 1891 
Nov. 21, 1894 

Aug. 23, 1899 

Jan. 26, 1898 

Nov. 30, 1897 
May 21, 1895 

April 27, 1898 

Feb. 28, 1900 
May 16, 1899 


(22) 
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Name. Address. 

Hermessen, John Louis 83 Cannon St., London, E. C., 
England. 

Hessenbruch, George S. E,E. Ph.D Ass*t Engineer to Snp’t 
of Structure, 205 Union .Station, 
Terminal K. R., residence, 514 N. 
Spring: Ave , St. Louis, Mo. 

Hewitt, Charles E. Electrician, Hyer-Sheehan Electric 
Motor Co., 139 Chamber St., New¬ 
burgh. N. Y, 

Hewitt, William R. Superintendent, Fire Alarm and Police 
Telegraph, 9 Brenham Place, San 
Francisco, Cal. 

Hewlett, Edward M. Engineer, General Electric Co., resi¬ 
dence, 19 University Place, Sche¬ 
nectady, N. Y. 

Hildburgh, Walter Leo Student. Columbia University; c/o 
D. H.PIildburgh, Hotel Normandie, 
New York. 

Hill Ernest Rowland Electrical Engineer, Westinghouse E. 

& M. Co., Pittsburg, Pa, 


Date of Election 

Jan. 20, 1897 

June 27, 1895 

Sept. 25, 1895 

May 15, 1894 

May 19, 1891 

Dec. 28, 1898 
Jan. 25, 1899 


Hiix, George, C,E. 


Consulting Engineer, 150 5tb Ave., 

Tel. 2326 i8th., New York City. April 19, 1892 


Hill, G. FIenry ' 

Hill, H. P. 

Hill, Nicholas S., Jr. 

Hoag, Geo. M. 

Hodge, William B. 
Hoffmann, Bernhard 

Holberton, George C. 

Holbrow, Herman L. 

Holmes, Gwyllyn R. 


Engineer, Sprague Electric Co., 527 
W. 34th St, residence, 16 Prospect 
St^ East Orange, N. J. 

Washington Loan and Trust Building, 
Washington, D. C. 

General Manager, Charleston Consoli¬ 
dated Railway, Gas and Electric 
Co , Chariest n, S. C. 

City Electrician, City of Cleveland, 

113 CitvHall: residence, 317 Hough 
Ave., Cleveland, O. 

Electrical Engineer, Queen & Co., 
707 Spruce St., Philadelphia, Pa. 

New York Telephone Co., 15 Hey 
St., residence, 12 W. i 8 th St., New 
York City. 

Chief Engineer and Electrician, Bang¬ 
kok Electric Light Syndicate, Bang¬ 
kok, Siam. 

With New York Telephone Co.; 
residence, 265I West 22d St, New 
York City. 

Holmes-Rose Eiectnc Co., No. 215 
Calvert St., residence 2842 raxK- 
wood Ave., Baltimore, Md. 


Jan. 25, 1899 
Nov. 18, 1897 

Aug. 5, 1896 

April 28, 1897 
Dec. 28, 1898 

Nov. 23, 1898 

May 15, 1894 

Mar. 24, 1897 

Jan. 24, 190Q 


Holt, Marmaduke Burrell Mmmg and Electrical Engineer, 

Silverton, v..ot 
Building, Philadelphia, Pa. 

Hood Ralph O. Electrical Engineer, Danvers. Mass. 

HOPEWELL, Chas. F. I^^'fhtrrnVFXeTelegm^^^^ 
City of. Cambridge, 
deuce, 82 Magazine St.-, Cambndge- 
norti Mass. 


April 15, 1890 

Jan. 20, 1897 
April 18, 1894 

Aug. 13. 1897 


( 21 ) 
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ASSOGIATE MEMBERS 


Name, Address. 

Hopkins, Nevil Monroe Electricai Engineer, 1730 I Street, 
Washington, D. C. 

Hopkins, N. S. Designing Engineer. General Elec¬ 

tric Co., Lynn, Mass. 

Horn, Harold J. Electrical Engineer, John A. Roeb- 

ling's Sons’ Co ; residence, 36 W. 
State St.. Trenton, X. J. 

lios.MER, Sidney Electrical Engineer Boston Electric 

Light Co , Anaes Building, Boston, 
Mass. 

Howson, Hubert Patent Lawyer, 38 Park Row, New 

York City. 

Hubbard, Albert S. Gould Storage Battery Co., Astor 
Court H’ld g, 25 W. 33rd St., resi¬ 
dence, Belleville, N. J. 

Hubbard, Willia.m C. Vice-PresiJent,Electric Arc Light Co., 
Sales Manager Manhattan General 
Construction Co., ii Broadway, 
New York, residence, 427 West 7th 
St., Plainfield, N. J. 

Hubley, G. Wilbur Superintendent and Electrical Engi¬ 
neer, Louisville Electric Light Co.; 
residence, 1107 Third Ave, Louis¬ 
ville, Ky. 

Hubrecht, Dr. H. F. R. Director, Nederlandsche Bell Tele¬ 
phone Co., Amsterdam, Holland. 

Hudson, John E. President, The American Bell Tele¬ 

phone Co., 125 Milk St., Boston, 
Mass. 

Huggins, N. W. Salesman, etc., General Electric Co., 

Seattle, Wash. 


lios.MER, Sidney 


Howson, Hubert 
Hubbard, Albert S. 


Hubbard, William C. 


Hubley, G. Wilbur 


Date of Election. 


Nov. 20, 1895 
April 27, 1898 


Mar. 22, 1899 


May 18, 1897 
June 8, 1887 


Nov. 20, 1895 


April 18, 1894 


Huguet, Chas. K. 
Hull, S. P. 


Hulse. Wm. S. 


Humphreys, C. J. R. 


Hunt, Arthur L. 


Hunt, A. M. 


Huntley, Chas. R. 


Hutton, Chas. William 


Hutchinson, Frederick 
Hyde, J. E. Hindon 


Electrical Engineer, 731 Jackson 
Boulevard, Chicago. Ill., 

Inspector of Signals, N. YL C. & H. 
R. R. R. Co., wSpuyten Duyvil, resi¬ 
dence 232 Warburton Ave., Yonkers 
N. Y. 

Electrical ^ Engineer, with Union 
Elektricitats Gesellschaft, Berlin, 
Germany. 

Manager, Lawrence Gas Co., and 
Edison Electrical Ill. Co., Law¬ 
rence. Mass. ' 

Harrisburg Foundry and "Machine 
Works, 203 Broadway, New York 
City. 

Consulting Engineer, 331 Pine Street, 
San Francisco, Gala. 

General Manager, Buffalo General 
Electric Co., 40 Court St., Buffalo 
N. Y. 

Chief Electrician, Sacramento Elec¬ 
tric Gas and Railway Co., Sacra¬ 
mento. Cal. 

L. Electrical Engineer, Westinghouse 
Eleciricand Mfg. Co., Pittsburg, Pa. 

Patent Lawyer, 120 Broadway, New 
York City. 


Sept. 19, 1894 
Oct. 4, 1887 

Dec. 20, 1893 
Aug. 5, 1896 
June 27, 1895 


May 19, 1896 


Mar. 25, 1896 


Sept. 6, 1887 


Sept. 19, 1894 
Feb. 28, 1900 


Sept. 25, 1895 


Feb. 15, 1899 
June 20, 1894 
Jan. 24, 1900 
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Name. 

Address. 

Date of Eiectioa. 

Idell, Frank E. 

Havemeyer Building, 26 Cortlandt St., 
New York City. 

July 12, 1887 

Ihlder, John D. 

Electrical Engineer, Otis Electric Co., 
Yonkers, N. Y. 

Oct. 2, i888 

IlJIMA Zentaro, 

Electrical Engineer. 89 Shinhanacho, 
Kongo Tokyo, Japan. 

Jan. 22, 1896 

Ingold, Eugene 

Consulting Engineer and Expert, 1669 
Second Ave., i’ittsburg, Pa. 

April 18, 1894 

Insull, Martin J. 

2d Vice-President and General Man¬ 
ager, General Incandescent Arc 
Light Co New York, residence, 
262 W. 83d St., New York City. 

Nov. 22, 1899 

Insull, Samuel 

President, Chicago Edison Co., 139 
Adams St., Chicago, Ill. 

Dec. 7, 1886 

Irvine, Drew W. 

[Address unknown.] 

Sept 25, 1895 

Iwadare, Kunihiko 

Electrician, Nippon Electric Company, 

2 Mita Shikokumachi Shibaku, 
Tokyo, Japan. 

Sept. 20, 1893 

Jackson, E. D. 

Cuyahoga Telephone Co., 803 Electric 
B’ld’g, residence, 508 Prospect St., 
Cleveland, O. 

Nov. 22, 1899 

JACKSTON, Wm. StEELL 

4th Assistant Examiner, Patent Office; 
residence, 32s Spruce St., N. W., 
Washington, D. C. 

April 22, 1896 

Jaeger, Charles L. 

Inventor, Maywood, N. J., Electric 
Recording f^'hip Apparatus, Labora¬ 
tory. 132 Mulberry St., New York, 

n.'y. 

Dec. 20, 1893 

James, Henry Duvall, 

B. S.y M. E. Engineering Dep’t, Otis 
Bros. & Co , lesidence, 100 Buena 
Vista Ave., Yonkers, N. Y. 

Nov. 23, 1898 

Jaquays, Homer M. 

Lecturer in Mechanical Engineering, 
McGill University, residence, 862 
Sherbrooke St., Montreal, Quebec. 

Dec. 27, 1899 

Johnson, Albert C. 

Superintendent and Electrician, Elec¬ 
tric Light & Water Works, Box 7, 
Willmar, Minn. 

May 16, 1899 


Johnson, Howard S. Engineer and wSales Agent, Morgan- 
Gardner Electric Co.; residence, 70 
Jefferson Ave., Columbus, O. Mar. 22, 1899 


Johnson, Thos. J 

Counsel in Patent Causes, 66 Broad¬ 
way, New York City. 

May 

16, 1896 

Johnston, W. J. 

Greenwich, Conn. 

April 15, 1884 

Jones, Arthur W. 

Care of Gibbs, Bright & Co., Mel¬ 
bourne, Australia. 

Oct. 

17,1894 

Jones, Forrest R. 

Professor of Drawing and Machine 
Design, Worcester Polytechnic In¬ 
stitute. residence, 3 State St., Wor¬ 
cester, Mass. 

May 

20, 1890 

Jones, G. H. 

Agent, General Electric Co., Casilla 
1317 D Santiago, Chile. 

'April 

17. 1895 

Jones, Henry C. 

Member of Firm, the Electric Construc¬ 
tion and Supply Co., Montgomery, 
Ala. 

Mar. 

20, 1895 


(21) 



^38 
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Name. 

Address. 

Date of Election. 

Jones, M. E. 

Chief Engineer, St. Lawrence State 
Hospital, Ogdensburg, N. Y. 

Oct. 

27,1897 

JosLYN, Howard, 

Assistant Engineer, Snoqualmie Falls 
Power Co., Seattle, Wash. 

May 

17, 1898 

JuDsoN, Wm. Pierson 

Deputy State Engineer, of New York, 
Albany: residence, Oswego, N. Y. 

June 

8, 1887 

Kammerer, Jacob A. 

General * 4 gent. The Royal Electric 
Co.; residence, 87 Jameson Ave., 
Toronto, Ont. 

April 28, 1897 

Keefer, Edwin S. 

Supt. of Electiic Light Construction, 
Western Electric Co. ,57 Bethune St., 
New York City; residence, Eliza¬ 
beth, N. J. 

April 

18, 1894 

Keilholtz, P. 0 . 

General Manager. United Electric 




Light and Power Co., and Chief En¬ 
gineer, United Railways and Electric 
Co., 330 N. Charles St., Baltimore, 

Mar. 21, 1893 

Keller, E. E. Vice-Prest. and General Manager, 

Westinghouse Machine Co , Pitts¬ 
burg, Pa.; residence, Edgewood 
Park. Pa. Sept. 20, 1893 

Keller, Edwin Mechanical and Electrical Engineer, 

Falkenau Engineering Co., Ltd., 

727 Reading Terminal, 4823 Spring- 

field Ave., Philadelphia, Pa. Mar. 21, 1894 

Kellogg, James W., J/..S’. Manager Marine Sales, General 
Electric Co., residence, 10 Front 
St., Schenectady, N. Y. June 26, 1891 

Kelly, John F. The Stanley Electric Co., Pittsfield, 

^^ass. May 16, 1899 

Kenan, WxM. R. Jr. Sup’t Union Carbide Co., Sault Ste. 

Marie, Mich. Jan. 20, 1897 


Kennedy, A. P. Electrical Engineer, Norton Bros., 

312 N. 3rd Ave., Maywood, Ill. 

Ker, W. Wallace Instructor of Electricity, Hebrew 

Technical Institute, 36 Stuyvesant 
St., New York City. Residence, 626 
Pavonia Ave., Jersey City, N. J. 

King, Vincent C., Jr. With V. C. & C. V. King, 517 West 
St.; residence, no East i6th Street, 
New York. 


Kinsley, Carl 
Kirkland, John W. 


C/o. Signal Officer, (Toverner's Island, 
New York Harbor. 

Electrical Engineer, Box, 1905, 
Johann esberg, S. A. R. 


Kittler, Dp. Erasmus Professor at the Technical High School, 
Darmstadt, Germany. 

Klauder, Rudolph H. Electrical Engineer, The Electric 
Storage Battery Co., Philadelphia, 


Klinck, J. Henry 
Knox, Frank H. 

(20) 


Box 157 Port Oram. N. J. 

Engineer, Spartanburg Railway, Gas 
& Electric Co., Spartanburg S. C. 


Apr. 26, 1899 

Sept. 25, 1895 

Aug. 5, 1896 
May 18, 1897 
Mar. 21, 1894 
Dec. 16, 1896 

Aug. 13, 1897 
Jan. 16, 1895 

June 20, 1894 
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Knox, Geo. W. 

Engineer and Manager, Railway Dep’t. 
Kohler Bros., 1812 Fisher B’ld’g; 
866 E. 48th St., residence, 2329 
Magnolia Ave., Chicago, III. 

Nov. 

18, 1896 

Knox, S. L. G. 

Mechanical Engineer, General Electric 
Co., Schenectady, N. Y. 

Nov. 

23, 1898 

Kreidler, W. a. 

Editor and Publisher, Western Ekc- 
t?'ician^ 510 Marquette Building, 
Chicago, III. 

Oct. 

4, 1887 

Labouissk, John Peter M.E. Supply Dep’t, Philadelphia Office, 
General Electric Co., 507 Arch St., 
residence, 1630 Arch St., Philadel¬ 
phia, Pa. 

Aug. 

5, 1896 

Lamb, Richard 

Chief Engineer, Brooklyn Dock and 
Terminal Co., and the Brigantine 
Trolley Co , ‘36 Liberty St.; resi¬ 
dence, Water witch Park, Plighlands, 

N. j. 

Dec. 

18, 1895 

I^ANi), Frank 

Sec’y and Treas., I. A. Weston Co., 
residence, 221 Green St, Syracuse, 
N. Y. 

Sept. 

22, 1891 

Lanman, William 11 . 

Board of Patent Control, 120 Broad¬ 
way, New York City. 

June 

6, 1893 

Lanfhear, Burton S, 

. Lock Box I, Carthage, N. Y. 

Jan. 

16, 1895 

Lansingh, Van Rensselaer Electrical Engineer, Western Elec¬ 
tric Co.: residence, 5407 Woodlawn 
Avc., Chicago, 111 . 

Aug. 

23, 1899 

Latham Harry Ml L'l'ON With American Steel and Wire Co., 
Worcester, Mass. 

Dec. 

16, 1896 

I^AWRENCE, Wm. G. 

Manager of Light and Power Depart¬ 
ment, I'own of I'ludson, Hudson, 
Mass. 

Feb. 

28, 1900 

I.AWRENCK, W. H. 

Assistant Superintendent, Second Dis¬ 
trict, Edison Electric Illuminating 
Co., 49 West 26th St., New York, 
N. Y. 

April 26, 1899 

Layman, W. A, 

Assistant Manager and Treasurer, 
Wagner Electric M’fg. Co., 2017 
Locust St. St. Louis, Mo. 

Nov. 

23 , 1899 

LeBlanc, Charles 

Ingenieur en Chef, de la Compagnie 
Generale de Traction. 24 Boulevard 
des Capucines, Paris. France. 

April 

17, 1895 

LkCleak, Gieeord, 

Electrical and Mechanical Engineer, 
Partner Densmorc & Lc Clear, 7 
Exchange Place Boston, Mass.; 
residence, Cambridge, Mass. 

Oct. 

27, 1897 

LkConte, Joseph Nisbet Instructor in Electrical Engineering, 
State University, Berkeley, Cal. 

Feb. 

27, 1895 

LedoOX, A.R., M. S. 

, /V/./?,. President of Ledoux & Co.(inc.), 
99 John St., residence, 39 W. seth 
.St., New York City. 

Dec. 

7, 1886 

Lee, Francis Valent 

INK T. Engineer, (Pacific Coast Dept.) 
Stanley Electric M’f’g. Co., 33 New 
Montgomery St., Min Francisco, 
Cal. 

Mar. 

23, 1898 
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Lee, John C. Chemist and Electrician, American 

Bell Telephone Co., Boston resi¬ 
dence.' Mountfort St., Longwood, 

Brookline, Mass. Mar. i8, 1890 

Leitch, Howard Wallace Switchboard Reg-ulator. The 
Edison Elect. Illuminating Co., res¬ 
idence, 373 Madison St., Brooklyn, 

N. Y. Nov. 23, 1898 

Lemon, Charles, Hon. Sec’y for New Zealand for the 

Institution of Electrical Engineers, 

Waerenga Road, Otaki, New Zeal¬ 
and. Jan. 22, 1896 

Letheule, Paul Electrical Engineer, Commissioned by 

French Government, 27 Rue de 
Londres, Paris, France. May 17, 1898 

Levy, Arthur B. Assistant Engineer, Arc Light Dept., 

General Electric Co., 3 ro Lexington 

Ave., New York City. Jan. 20, 1891 


Lewis, Henry Frederick William, Redlands, 48 Sydenham 
Road, Croydon, Surrey, England. 

Libby, Samuel Byington Richmond Borough Equipment Co., 
3Q5 Richmond Terrace,New Bright¬ 
on, x\. Y. 

Lilley, L. G. Electrician, The Cincinnati Under¬ 

writers’ Association S. W. Cor. 3d 
and Walnut Sts., Cincinnati, O.; 
residence, Wyoming, O. 

Lindsay, Robert General Supt. The Cleveland Elec. Ill. 

Co.. 717 Cuyahoga Building, Cleve¬ 
land, Ohio. 

Lindsay, Wm. E. With Wm. Sellers & Co., 1600 Ham¬ 

ilton St., residence, 1638 Vine St., 
Philadelphia, Pa, 

Little, C. W. G. Engineering Manager, The British 

Electric Traction Co , Ltd., Don- 
ington House, Norfolk St., Strand, 
W. C., London, Eng. 

Livingston, Johnston Jr. The United Engineering and Con¬ 
tracting Co., 13 Park Row; resi¬ 
dence, 56 E. 49th St., New York 
City. 

Loewenthal, Max A.ssociate Editor, Power^ Pulitzer B’ld’g 
residence, 161, East 77th St., New 
York City. 

Lohmann, R. W. R. W. Lohmann k Co., Electrical 

Contractors, 1387 Madison St., 
Oakland. Cal 

Lorimer, Geo. Wm. Sec’y and Treasurer, The American 
Machine Telephone Co., Ltd. 
Piqua, O. 

Lorimer, James Hoyt Electrical Engineer, The American 
Machine Telephone Co., Ltd. 
Piqua. O. 

( 16 ) 


Mar. 5, 1889 
Feb. 23, 1898 

June 20, 1894 
April 27, 1898 
April 17, 1895 

April 22, 1899 

May 17, 1898 
Mar. 23, 1898 
Nov. 23, 1898 
Aug. 5, 1896 
Aug. 5, 1896 
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Lovejoy, D. R. 
Low, George P. 


Litndell, Robert 


LUNDiE, John 


jifame. Address Election 

Louis, Otto T. Manager of New \ork Branch. Queen 

dc Co., Inc.; res'dence, 340 East 
119th St, New York City. Feb. 23, 1898 

Lovejoy, D. R. Care C. S. Bradley, 44 Broad St., 

New York. N. Y April 28, 1897 

Low, George P. Editor and Proprietor, Journal of 

Electricity. Po'U'er and Gas^ 320 
California St., Francisco, Cal. Jan. 17, 1S93 

Lundell, Robert Electrical Engineer, 527 W. 34th St., 

residence, 9 W. 68th St., New York 
City. 7 . 189c 

Lundie, John Consulting Engineer, 52 Broadway. 

New York City. Nov. 22, tog* 

Luqher, Thatcher, T. P. New York Telephone Co., 15 

Dey St., residence, Bedford, N.Y. Jtitie 26, i8q. 

Lyford, Oliver S., Jr., C/o. Siemens & llalske Electric Co. 

of America, 98 Jackson St., Chic- 
ago. Ill. 

Lyman, Chester Wolcott, 71 /. Assistant to President In- 
ternational Paper Co., 30 Broad bt., 
residence, University Club, New 
York, N. Y. Sept, ip, 189 

Lyman Tames Assistant Engineer, Chicago Office, 

[Life Member.] General Electric Co , Mor.adnock 

B’ld’g., residence, 13 8 Maple Ave., 

Chicago. Ill. Sept. 19, l 8 ? 

Lynn Wm. A. Instructor in Electrical En^neering, 

' University of California. Berkeley, 

Cal. I8( 

London. Eng. May l 6 . i 8 

MacFadden, Carl K. Consulting Engineer, Geneva, Ind. Sept. 27, 18' 

MacGregor. Willard H. Genial Ea^™ 

Liberty St.; residence. 359 W, 27th 

St. New York Citv. Jan. 20, li 

M.c™ C. F. ■' 

G»..» S5”S.S; 

and High Sts.; residence, 19134th 

Ave., Louisville, Ky. Aug- $, 

residence, 422 34 th Street, Chicago, ^ 

M.ritF Louis T Electrical Engineer, Director, der 

Magee, Louis j Union Elektricitats Gesellschaft, 

Grosse Quer Alice i., Berlin; Ger- 

many. ' " ' 

■U.cNiis Beniamin Electrical Engineering Student, C^ 

Magnus, Benjamin University; residence, 22 E. 

I nth Street, New York City. J“- * 4 . 

r T -Rnmneer Genetal Electric Co., 44 
MAHONEY, JAMES J. Engineer Ge 

St.. New York City. May 17. 


Lyman, James 

[Life Member.] 


Lynn, Wm. A. 


Lyons, Joseph, 


Macartney,'John F, 
MacFadden, Carl K. 


Mackie, C. P. 
MacLeod, George 


Magee, Louis J. 


Magnus, Benjamin 


Mahoney, James J. 


Jan. 17, 1S93 


Feb. 7, 1890 
Nov. 22, 1899 
June 26, i8qi 


Apr. 26. 1899 


Sept. a9, 1894 


Sept. 19, 1894 


Jan. 25, 1899 
June 24, 1898 

May 16, 1899 
Sept. 27 » 189a 


Jan. 20, 1897 
Mar. 21, 1893 


Aug. 5 , 


Mar. 28, 1900 


April 2, 1889 


Jan. 94 » 1900 


May 17 * 
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Maki, Heiichiro Chief Engineer, Hoshyu Traction Co., 

Beppu, Oitaken, Japan. Aug. 5, i8g6 

Malia, James P. Electncim, Armour & Co., 5316 

Union Ave., Chicago, Ill. June 20, 1894 

Mansfield, R. H. Jr., President, Iron Clad Resistance Co., 

Westfield, N. J. Sept. 28, 1898 


Marshall, Cloyd Designer of Electrical Machinery, 

Jenney Elec. MT’g. Co., Indiana¬ 
polis, Ind. 

Martin, Frank Superintendent, Universal Lock Co , 

Woodbine, N J., and 56 Liberty 
St., New York City. 

Martin, James A, [Address Unknown.] 

Martin John Agent, Stanley Electric M’fg. Co., 

33 New Montgomery St., San Fran¬ 
cisco, Cal. 

Martin, T. Commerford {Pasi-P7'esidefit.) Editor, The Elec¬ 
trical World ami Engifieer^ 120 
Libelty St., N. Y. City. 

Masson, Raymond S. S alesman and Engineer, Westing- 
house E. & M. Co., Mills B'ldg, 
San Francisco, Cal. 

Mather, EIugene Holmes Central Railway and Electric 
Company, New Britain, Conn. 

Matthews, Ch.arles P. Associate Professor, Electrical En¬ 
gineering, Purdue University, resi¬ 
dence, Thornell St , Lafayette, Ind. 

Maxwell, Eugene c/o Snoqualmie Falls Power Co., 
Seattle, Wash. 

Mauro, Philip Counsellor at-Law in Patent Causes 

(Pollock & Mauro), 620 F. St., 
Washington, D. C. 

Mayer, Maxwell M. Mfr. of Plating Dynamos, 2369 2d 
Ave., residence 433 East ii6th St., 
New York City. 

McCarter, Robert D. Jr. Electrical Engineer, Union Elek- 
tricitats Gesellschaft, 16 Ilutten St , 
Berlin N. W. 87, Germany. 

McCarthy, E. D. McCarthy Bros. & Ford, 4^ North 

Division St.; residence, 382 West 
Ferry Streec, Buffalo, N. Y. 

McClenathan, Robert Division Superintendent, Electric 
Train Bulletin Co , 80x476, Ithaca. 
N. Y. 

McCluer, Chas. P. Assistant General Manager, Richmond 
Telephone Co., 2804 E, Franklin 
St.. Richmond, Va. 

McClure, William J. Associated with H. D. Brown, Elec- 


Apr. 25, 1900 

Oct. 21, 1890 
May 19, 1896 

July 27, 1898 

April 15, 1884 

Apr. 26, 1899 
April 28, 1897 

May 16, 1893 
Aug. s, 1896 

Dec. 21, 1892 

Feb. 27, 1895 

May 16, 1899 

Nov. 18, 1896 

May 16, 1899 

Apr. 22, 1896 


McClurg, W. A 

McElroy, James F. 

McKissick, a. F. 
(22) 


trical Engineers and Contractors, 
residence, 259 West 52nd St,, New 
York City. 

Manager, Electrical Dept., Plainfield 
Gas and Electric Light Co., 207 
Madison Ave., Plainfield, N. J 

Consulting Engineer, Consolidated 
Car Heating Co., 131 Lake Ave., 
Albany, N. Y. 

Engineer, Pelzer Manufacturing Co.. 
Pelzi-r, S. C. * T 


Apr. 25, 1900 
Dec. 20, 1893 

Nov. 15, 189a 
Feb. 16,1892 
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McLain, Ralph Clapp Assistant Engineer, Rapid Transit 
Subway Construction Co., 21 Park 
Row, residence, 170 W. 59th St , 

New York N. Y. Aug. 23, 1899 

McRae, Austin Lee Consulting Electrical Engineer, 306 

Oriel Bldg , St, Louis, Mo. May 17, 1892 

McVay, H. D. City Electrician, City of Wichita, 

Wichita, Kan. Feb. 28, 1900 

Meadows, Harold Gregory Associate Engineer (Elec.) with 
Newcomb Carlton, 109 White Build¬ 
ing ; residence, 238 Elmwood Ave., 

Buffalo, N. Y. Sept. 23, 1896 


Medina, Frank P. 

Electrician, Pacific Postal Telegraph 
Co., 534 Market St,. San Francisco, 
Cal. 

Sept. 19, 1894 

Meredith, Wynn 

Electrical Engineer, Benjamin, Hunt,“ 
and Meredith, 331 Pine St., San 
Francisco, Cal. 

Jan. 17, 1893 

Merrill, E, A. 

Manager, New York Office, Macintosh 
and Seymour, 26Cortlandt St., New 
York City. 

Sept. 20, 1893 

Merrill, Josiah L, 

Electrical Engineer, c/o. General 
Electric Co., 420 W. 4th St., Cin¬ 
cinnati, 0. 

Sept. 25, 1895 

Merz, Chas. H. 

The Cork Electric Tramways and 
Lighting Co. Ltd., Cork; resi¬ 
dence, The Quarries, Newcastle-on- 
Tyne, England. 

Sept. 25, 1895. 

Meyer, Hans S. 

Electrical Engineer, Union Elektric- 
itats Gesellschaft, Huttenstrasse 12, 
Berlin, Germany 

July 27, 1889 

Meyer, Julius 

Consulting Engineer, Broadway, 55 
New York City. 

Oct. 25, 1892 

Middleton, A. Center 

Electrical Tester, General Electric Co., 
Box 253, Schenectady, N. Y. 

May 16, 1899 

Miller, HerbePvT S. 

Electrical Engineer, Diehl Mfg, Co.; 
residence, 1025 E. Jersey St., 
Elizabeth, N. J. 

Mar. 22. 1899 

Miller, Kempster B. 

Engineer Kellogg Switchboard and 
Supply Co., Congress and Green 
‘ St., residence,6017 Woodlawn Ave., 
Chicago, 111 . 

Sept. 28, 1898 

Miller, Wm. M. S. 

Electrical Engineer, 3 South Hawk 
St., Albany, N. Y. 

Oct. 21, 1890 

Misaki, Seizo 

Chief Engineer and Superintendent 
Hanshin Elec. R. R. Co., Front 
Sannomiyo Station, Kobe, Japan, 

Dec. 27, 1899 

Mitchell, Sidney Z. 

Manager, Portland Office, General 
Electric Co., Worcester Building, 
Portland, Ore. 

Nov. 12, 1889 


Mole Harvey Edward with J. G. Whited Co., 29 Broadway, 
' New York City. 

( 18 ) 


Nov. 30, 1897 
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Montagu, Ralph Lechmere Continental Gold Dredging Co., 
Oroviile, Cal. 


Moody, Virginius Daniel Senior Student, Cornell University, 
residence, 215 Dryden Road, Ithaca, 


N. V. 


Mora, Mariano Luis 
Mordey, Wm. Morris 

Morehkad, J. M. 
Morehouse, H. H. 

Morgan, Chas. H. 

Morgan, Jacque L. 
Morley, Edgar L. 
Morrison, J. Frank 
Mortimer, James D. 

Mortland, James A. 


General Electric Co., 44. Broad St., 
New York City. 

Consulting Electrician, 82 V^ictoria St., 
Grosvenor Mansions. Westminster, 
London, Eng 

Engineer, Union Carbide Co , 157 
Michigan Ave., Chicago, Ill. 

Morehouse and Morrill. General 
Electric Installation and Contract¬ 
ing Work Apartado No 44, Quez- 
altenango, (iuatemala, C. A 

4th Assk Examiner, U. S. Patent 
Office, residence, 43 R Sr., N. W. 
Washington, D. C. 

City Electrician. City Hall, residence, 
1702 Locust wSt.. Kansas City, Mo. 

Sup’t Hatzel & Buehler, 114 5th Ave., 
New York City. 

Manager, The Northern Electric Co. 
15 South St., Baltimore, Md. 

Student, Electrical Engineering, Uni¬ 
versity of California, Mechanics’ 
Building, Berkeley, Cala. 

Sergeant r2th Co., U. S. V., Signal 
Corps, Official Photographer. 3d 
Army Corps, Montezuma, Iowa. 


Morton, Henry, Ph.D, President of Stevens Institute of Tech¬ 
nology, Hoboken, N. J. 

Moses, Otto A. Electrician, 1037 Fifth Ave., New 

York City. 

Moses, Percival Robert, E.E. Electrical Engineer, 35 Nassau 
St.: residence, 46 West 97th St., 
New York City. 

Mosscrop, Wm. A., Electrical Engineer, 47 Rrevoort 

Place, Brooklyn, N. Y. 


Mullin, E. H. General Electric Co., 44 Broad St., 

residence, 188 Columbus Ave., 
New York, N. Y. 

Munns, Chas. K. Electrical Engineer, Corning, Iowa. 

Murphy, John McL. Electrical Engineer, Safety Third 
Rail Electric Co., 40 Wall St., New 
York, N. Y. 

Muschenheim, Fred’k a. Electrical Engineer, Western Elec¬ 
tee Co., 57 Bethune St., residence, 
41 W. 31st St., N. Y. City. 


Namba, M*. 
(21) 


Professor of Electrical Engineering, 
University of Kioto, Kioto, Japan. 


Bate of Election 

Feb. 26, 1896 

Dec. 97, 1899 
Mar. 20, 1895 

Sept. 22, J891 
Mar. 28, 190a 

Feb. 21, 1894 

Aug. 5, 1896 
Jan. 26, 1898 
Sept. 25, 1895 
April 15, 1884 

Mar. 28, 1900 

Feb. 23, 1898 
May 24, 1887 
May 17, 1887 

Dec. 19, 1894 
May 7, 1889 

May 16, 1899 
Nov. 21, 1894 

Oct. 26, 1898 

April 27, 1898 
Apr. 26, 1899. 
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Address, 

Naphtaly, Sam L. 

Manager and General Superintendent, 
The Central Li.;ht and Power Co., 
Room 500, Pf.rrott Building, resi¬ 
dence, 1404 Broadway, San Fran¬ 
cisco, Cal. 

Neilson, John 

Larchmont, N. V. 

Nexjrath, Morris M. 

Consulting Engineer, 1444 Monad- 
nock Block, Chicago, Ill. 

Newbury, F. J. 

Manager Insulated Wire Department, 
John A. Roebling’s Sons Co., 
Trenton, N. J. 

Niles, Harry B. 

Electrical Engineer, Ferrocarrillos del 
Distrito American Club, Mexico 
City. 

Nimis, Albert A. 

Electrical Contractor, Nimis & Nimis, 
59 East 5th Street, St. Paul, Min. 


and 1221 Lexington Ave., N. Y. 
City. 

Nock, Geo. W. 

Chief Engineer, in charge of Steam and 
Electric Plant Westinghouse Elect, 
and Mfg. Co., Pittsburg, Pa. 

Noxon, C. Per Lee 

Manufacturer, High-Frequency X- 
Ray Apparatus, Dynamos and 
Motors, 500 East Water Street, 
Syracuse, N. Y. 

Nunn, Richard ]., M. 

E. Physician, s.York St. East, Savan¬ 
nah, Ga. 

Nyhan, J. T. 

Superintendent and Electrician, Macon 
and Indian Spring Electric Railway, 
Macon, Ga. 

OCKERSHAUSEN, H. A. 

Electrical Engineer, 65 Madison Ave., 
Jersey City, N. J. 

Offinger, Martin Henry Head of Electro-Mechanical Dept., 
Buffalo Commercial & Electro Me¬ 
chanical Institute, residence, 304 
Pine St., Buffalo, N. Y. 

Oi, Saitaro 

Chief Engineer to the Bureau of Tele¬ 
graphs The Ministry of Commu¬ 
nications, 16 Kamitomisakacho, 
Koishikawa, Tokyo, Japan. 

Olan, Theodor, J. W. 

[Address unknown.] 

Olivetti, Camillo 

Ingegner^Industriale, Ivrea, Italy. 

Crmsbee, Alex. F. 

Electrical Engineer, with N. Y. and 
N. J. Telephone Co., 81 Willoughby 
St.; residence, 183 Joralemon St., 
Brooklyn, N. Y. 

Osborne, Loyall Allen Manager of Works, Westinghouse 
Electric and Mfg. Co., Pittsburg, 
Pa. 

OSTERBERG, MAX, E.E. 

, A.M. Consulting Engineer, and Elec¬ 
trical Expert, Bowling Green Build¬ 
ing, New York City. 

O'Sullivan, M. J. 

Superintendent, Electric Light, B. & O. 
R. R. Co., 202 Hazelwood Ave., 


Piitsburg-, Pa. 


Date of Eiectioo^ 

Augf. 23, 1899 
May 18, 1897 

Feb. 28, 1900 
Sept. 23, 1896 
Jan. 24, 1900 

Aug. 13, 1897 
Aug. 5, 1896 

Oct. 17, 1894 
July 12, 1887 

Feb. 27, 1895 
Sept. 6, 1887 

Mar. 28, 1900 

Dec. 28, 1898 
May* 16, 1893 
Oct. 17, 1894 

June 27, 1895 
Oct. 18, 1893 
Jan. 17, 1894 
Mar. 20, 1895 


(19) 
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Otten, Dr. Jan D. Director, Batavia Electrische Tram- 

Maatschappij, Van Baerlstraat So, 

Amsterdam, Holland. Nov. i8, 1890 

Page, A. D. Assistant Manager, General Electric 

Co. Lamp Works, Harrison, N. J. Jan, 19, T892 

Parker, Herschel C. Tutor in Physics, Columbia University, 

21 Fort Green PI., Brooklyn, N. Y. April ig, 1892 

Parmly C. Howard, S.M., E.E. College of the City of New 
York, 17 Lexington Ave.; residence, 

514 W. 114th St., New York City. Feb, 21,1893 


Parry, Evan Engineer, c/o. H.F, Par.shall, 8 Princes 



St , Bank; residence, Sunningdale, 
Fitzgerald Ave., Mortlake, London, 
Eng. 

Sept. 

25, 1895 

Parsell, Henry V. 

A. Jr. Electrical and Mechanical Design¬ 
ing and Experimental Work, 129 
W. 3rst St , residence, 31 E. 21st 
St., New York City. 

Nov. 

12, 1889 

Patton, Price I. 

The Bartram, 33d and Chestnut St., 
Philadelphia, Pa. 

Mar. 

20, 1895 

Pearson, Fred’k J. 

Supt. of Construction, Western Electric 
Co., 1510 Howard St., Omaha, 
Neb. 

July 

27, 1898 

Peck, Edward F. 

187 Montague St.; residence, 700 
Nostrand Ave., Brooklyn, N. V'. 

May 

20, 1890 

Peck, John S. 

Electrical Designer, The Westing- 
house E. & M. Co., Pittsburg, Pa. 

Apr. 

26, 1899 

Peckham, W. C. 

Prof, of Phy.sics, Adelphi College, 
Brooklyn ; residence, 406 Classon 
Ave., Brooklyn, N. Y. 

Nov. 

30, 1S07 


Peirce, Arthur W. K. Consulting Electrical Engineer to the 
Consolidateti Gold Kields of South 
Africa, Ltd., Germiston S. A. R. June 27, 1895 
PenDell, Chas. William Post-Graduate Student, Mass. Insti¬ 
tute of Technology, 207 W. New- 
ton St., Boston, Mass., residence, 



Cleburne, Texas. 

Nov, 

22 1899 

Perkins, Frank C. 

PUectrical Engineer, 126 fhie (!o. 
Bank, 65Prospect Ave., Buffalo, 
N. Y. 

Get. 

21, 1890 

Petty, Walter M. 

Superintendent Fire Alatm Telegraph. 
Rutherford, N. J. 

May 

16, 1893 

Pfeiffer, Alois J. J. 

Engineer, Thomas-Houston ('0., 5 
Piazza (’astello Milano, Italy. 

jan. 

24, 1900 

Pfund, Richard 

601 W. 169th St., New York City. 

April 

18, 1893 

Phelps, Wm, J. 

Manager, Phelps Manufacturing Co., 
lUectrical Specialties, Elmwood, Ill. 

Mar. 

25, 1896 

Philbrick, B. W. 

Electrical Engineer for [. I. Astor, 
Rhinecliff, N. Y. 

M ay 

15, X894 

Phillips, Eugene F. 

President, American Electrical Works, 
Phillipsdale, R. I. 

July 

13, 1889 

Phillips, Leo A. 

<21) 

Superintendent, New York and Queens 
Light and Power Co., 66 Lawrence 
St., Flushing, N. Y. 

Mar. 

21, 1894 
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Sup’t Minneapolis International Elec¬ 
tric Co., Edison Building-, Sec’y 
Stale Board of Electricity, Minnea¬ 
polis, Minn. 

Electrical Engineer, '1 he Apollo Iron 
and Steel Co., Vandergrift Pa. 

Proprietor and Electrician, The Chas. 
Plumb Electrical Works, 70 West 
Swan St., Buffalo, N. Y. 

Electrician, Akron Electric Mfg. Co., 
1106 So Main St., Akron, O. 

Editor Americajt Electrician., 120 
Liberty St., residence, 163 W. 84th 
St., New York City. 

Superintendent Electrical Dept., Stan¬ 
dard Electric Co., of California, 
Crocker Bldg.;residence, 452 Bryant 
St , San Francisco, Cal. 

Acting General Manager. Bell Tele¬ 
phone Co., of Buffalo ; residence, 
455 Richmond Ave , Buffalo, N.Y. 

Pope, Ralph Wainwright Secretary to the American Institute 
of Electrical Engineers, 26 Cortlandt 
St., (Telephone, 2199 Cortlandt), 
New York City; residence, 570 
Cherry St., Elizabeth, N. J. 

Porter, H. Hobart, Jr. Sanderson & Porter, 31 Nassau St., 
New York; residence,Lawrence,L.I. 

Powell, Percy Howard J/. 5:., Bridgeport Brass Co.; res¬ 
idence, 530 State St., Bridgeport, 
Conn. 

PowELSON, Wilfred Van Nest, Government Inspector, Elec¬ 
trical Appliances. General Electri¬ 
cal Co , Schenectady, N. Y.; Lieu¬ 
tenant U. S. Navy. 


Price, Chas. W. 

Editor the Electrical Review, 41 Park 
Row, New York City; residence, 
223 Garfield Place, Brooklyn, N. Y. 

Price, Edgar F. 

Works Manager, Union Carbide Co., 
residence, 625 Buffalo Ave., Nia¬ 
gara Falls, N, Y. 

Prince, J. Lloyd 

Edison Illuminating Co., New York 
City ; residence, 868 Flatbush Ave., 
(Flatbush Station), Brooklyn, N. Y. 

pRivAT, Louis 

Electrician, Cicero Water, Gas and 
Electric Light Co., Oak Park, Ill. 

Proctor, Thos. L. 

Electrical Engineer, 39 Cortlandt St., 
Nev.r V'ork, residence, Newtown, L. 
L, N. Y. 

Prosser, Herman A. 

Electrician, c/o Baltimore Copper 
Works., Keyser Bldg.; Baltimore, 
Md. 

PupiN, Dr. Michael I. 

Adjunct Professor in Mechanics, Co¬ 
lumbia University ; residence, 280 
North Broadway, Yonkers, N. Y. 


Name. 

PiLLSBURY, ChAS. L. 

Pinkerton, Andrew 
Plumb, Charles 

Pomeroy, William D. 
Poole, Cecil P, 

Poole, Charles Osc.4r 

Pope, Henry W. 


Date of Electioa. 


Aug. 

13 

. 1897 

Sept. 

25. 

, 1895 

June 

20, 

1894 

Mar. 

22, 

1899 

Jan. 

3 , 

i 883 

Jan. 

24, 

1900 

Mar. 

23, 

1898 

June 

2, 

1885 

Mar. 

25. 

1896 

Sept. 

25* 

1895 

Jan. 

24, 

1900 

Sept 


1894 

June 

27, 

1895 

Feb. 

27, 

1895 

Dec. 

19. 

1894 

April 

18, 

1894 

Jan. 

26, 

1898 

Mar. 

x8, 

1890 
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associate members 


Name. Address. 

Ramsey, Harry Nathan Electrician Columbia cS: Electric Ve¬ 
hicle Co., Hartford, ( t.. residence, 
311 llealy St., Clean, N. \ . 


Randall, John E. 

Columbia Incandescent Lamp Co., 
1912 Olive St., St. Louis, Mo. 

Randolph, L. S. 

Professor of Mechanical JMigineering-, 
Blacksburg:, Va. 

Rathenau, Erich 

Electrical Engineer, Allg. Klectricitats 
Gesellschaft, Berlin, Germany. 

Raub, Chas. B. 

Electrical Engineer, care U. S. luigi- 
neer's Office Newport, R. I. 

Ray, William D. 

Woods Motor Vehicle < ’o.,245 Wabash 
Ave., (’hicago, Ill. 

Read, Robert H. 

Patent Attorney, Ceneral IClectric 
Co., Schenectady, N. V. 

Reed, Chas. J. 

Electrician, 3313 N. i6th St,, Phila¬ 
delphia, Pa. 

Reed, Harry D. 

Superint’d’t Bishop (lutla Pendia (’0., 
420 East 25th St., New \’ojk Caly; 
residence. 88 North 9lh St., New¬ 
ark. N. J. 

Reed, Henry A. 

Secretary and Manager, liishoj) (lulta- 
Percha Co., 422 ICast 25th St., New 
York City; residenee, 88 North 9th 
St., Newark, N. J. 

Reed, Walter Wilson 

Electrical hhigineer in ehargt^ of the 
electrical work of new plant 
Citizen Electric Light and Power 
Co., irouston,'fexas. With Gt*ne 
ral Electric Co., Scheneetady, N.V. 

Reichmann, Fritz 

Kyerson Physical Lalmratory, Uni¬ 
versity of (’hiengo, Chicago. 111 . 

Reid, Edwin S. 

General Sup'tof Construetion, National 
Conduit and Gable ('0 , 17 'rimes 
Building; rcsiihmee, 112 Madison 
Ave.. New York ('ity 

Reilly, John C. 

General vSupt., N. Y. N' N. J. 'I’el (‘0., 
16 Smith St., Brooklyn. N V. 

Rennard, John Clifford, /f, A. A. A. ConsuKinp; and Super¬ 
vising: Eieetrieal Engineer, 15 1 a'V 
St., Kew York (’ity. 

Renstrom, Frans Oscar Superintendent, d*he Regia Rower 
Co., Apanado95, Raehuea, Mexico, 

Requier, a. Marcel 

Electrical Kngineiu’, We.sliijg.housr 
Electric C'o.,(L’t’d.) 32 Vieloria St., 
Lontlon, S. W. Eng. 

Rick, Arthur L. 

Profc.s.sor of Steam and EhfetJieal Kn* 
gineering, Pratt Institute, residem c, 
114 Cambridge Place, Brooklyn, 
N. Y. 

Rich, Francis Arthur 

Manager, Woodstock G. M. Go,, 
Karangahakc, Auckland, New 7.ea- 
land. 

Richards, Chas. W. 

(20) 

C, W. Richards Go., 17K Uevonsldre 
St, Boston; residence, Neetlham, 
M a.ss. 


Date of Election 

May 16, 1899 

May 7, 1889 
h\‘b. .21, 1893 
Nov, 20, 1895 
Nov. 22, 1899 
Sept. 27, 1892 
Jan. 19, 1892 
Mar. 5, 1889 

Sept. 19, 1894 

June X889 

Apr. 26, 1899 
Mar. 23, 1898 

Feb, 26, 1896 
April 15, 1884 

Jan. 16, 189s 
Fch, 2S, 1900 

Hfe. 20, 1893 

Cct. 21, 1B96 
Jan, ao, 1897 
%Sept. 23, 1896 
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Address, 

Richey, Albert S. Electrician, Union Traction Co., of 
Indiana, 215 W. gth St., Anderson, 
Ind. 

Rideout, Alexander C. LL. D., Consulting Electrical knd 
Alechanical Engineer, Rideout & 
Gage, lor Randolph St.,Chicago,Ill. 

Ripley, Wm. Howe Ripley & Arendt, 24 Murray St.; resi¬ 
dence, V] W. 123d St.. New York 
City. 

Roberson, Oliver R. Electrician, Western Union Telegraph 
Co., 195 Broadway, P O. Box 856, 
New York City. 

Roberts, Allen Davidson Electric Inspector, City Council, 

. Kingston, Jamaica. 

Robinson, Almon Webster Road, P. O. Box 943, Lewis¬ 

ton. Me. 

Robinson, Dwight Parker^ Assistant General Manager. The 
Seattle Electric Co., 815 2nd Ave., 
Seattle, Wash. 

Robinson, Francis George With Metropolitan Street Railway 
Co.; residence, Hotel Richelieu, 
it4th St. & Fiflh Ave., New 
York City. 

Robinson, Geo. P. Ass’t Supt L. D. Service, The Wis¬ 
consin Telephone Co., 498 Mil¬ 
waukee St., Milwaukee Wis. 

Roebling, Ferdinand W. Manufacturer of Electrical Wires 
and Cables, Trenton, N. J. 

Roller, Frank W. M.E. Electrical Engineer, Machado & Roller, 
Electrical Machinery, 203 Broadway, 
N. Y.; residence, Roselle, N. J, 

Roper, Denney W. Electrical Supt. 19th and Gratiot St., 
Mo., rtsidence, Alton, Ill. 

Rosebrugh, Thomas Reeve Lecturer in Electrical Engineering, 
School of Practical Science, Toronto, 
Ont. 

Rosenbaum, Wm. A. Electrical Expert and Patent Solicitor, 
177 Times Building, New York 
City. 

Rosenberg, E. M., M. E. Residence, 138 W. 85th St., New York 
City. 

Rosenbusch, Gilbert Engineer,Sprague Electric Co.,Bloom¬ 
field; residence, South Orange, N. J. 

Ross, Taylor William Second Assistant Engineer, U. S. 

Revenue Cutter Service, Revenue 
Cutter Onondaga,” Philadelphia. 
Pa. 

Rowland, Arthur John Professor of Electrical Engineering, 
Drexel Institute: residence, 4510 
Osage Ave., Philadelphia, Pa. 

Rowland, Henry A. Professor of Physics, Johns Hopkins 
University, Baltimore, Md. 

Rushmore, David B. Ass’t Electrician Stanley Elec, and 
MTg Co,, residence, 202 South St., 
Pittsfield, Mass, 


Date of Election. 
May 18. 1897 

Aug. 5, 1896 

Feb. 17, 1897 

Dec. 20, 1893 
Nov. 22, 1899 
Sept. 6, 1887 

Sept. 25, 1895 

Nov. 21, 1894 

May 16, 1899 
June 8, 1887 

May 21, 1895 
June 6. 1893 

June 26, 1891 

Jan. 3, 1889 
Oct. 21, 1890 
Sept. 28, 1898 

Mar. 25, 1896 

Sept. 19, 1894 
Mar. 21, 1894 

Sept. 25, 1895 




( 20 ) 
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ASSOCIATE MEMBERS 


Name. 

Rushmore, Samuel W. 
Russell, H. A, 

Rutherford, Walter 

Ryerson, Wm.,Newton 

Sage, Henry Judson 

Sahulka, Dr. Johann 

Sanborn, Francis N. 
Sanderson, Edwin N. 

Sargent, Howard R. 

Satherberg, Carl Hugo 

Saxelby, Frederick 
Schlosskr, Fred. G. 


Address. 

Proprietor, Rush more Dynamo Works. 
24 Morns St., Jersey City, N. j. 

Sales Agent, General I''lectric i n., 
residence, 302 Laurel St., San Fran¬ 
cisco, Gala. 

Manager Electric Traction 1 )c|) t, I >ick 
KeiT A Co., Ltd., 110Cannon St., 
London E. C., England. 

.Switchboard Attendant, Metropol¬ 
itan Street Railway Co.; residence, 
332 West 56th St., New York. 

Sage & Co., h'Jectrical Engineers, 
Rochester, Pa. 

Docent of Electrotechnics, 'reclinisclie 
liochschule, Vienna, Austria. 

29 Wall St., New York (aty. 

Of Sanderson A Porter, Engineers ami 
Contractors, 31 Nassau SL, New 
York City, 

Electrical Engineer, Gemn'al Kicetric 
Co.; residence, 17 University Place, 
Schenectady, N. Y. 

Chief Engineer, 'Phe Midvah* Steel 
Co., Nicetown, Phila., P:i.; rcsithuicc 
1752 N. 26lh St., Phil.’idelphia, Pa. 

E'lectrical Engineer, 13 WhittIcs<’y 
Ave., East Orange, N. j. 

Superintendent of Elcetrie Dept., L;o 
cledc Gas Eight Co., 40 N. iith 
St. Louis, Mo. 


SCHOOLFIELD, FRANK Robkrt Draughtsman, 'I he I Luted K;uL 
way and Electri<* ('0., 13 South 
vSt.; residciua;, 73H W, h'ayetle 
St., Raltiniore, Md. 

SCHREITER, Heinr. C.JS. Counsellor and Attorney, 20 Nassau 
St., New \’ork ('tty, 

ScHUM, CllA.S. IL Electrical Engineer, IL A. La IL.ehe 

<!<:('o,,2t6 i bird Ave, New Vork 
City. 

SCHURIG, Edward F. City Electrician, The City of Om;ih4, 
306 City ILill, Dmaliu, Neb, 

Sciiiaffino, Mariano L. Chief lUccirielan, Compania de Eu/ 
lUectrica. Gtiadula jara, Mexit o. 

Schwab, Martin C. Electrical ICnginecr, with Northern 
Electru* Co., 15 South St.; irrL 
dence, 1729 Madison Ave,, Lalti 
more, M<l. 

SchwaBE, Walter P. Supeiintemlent Eleetrieaf Dept. Ruth 
erford Disiiict, The Gas and Islrctrie 
Co , of Bergen iaatnty, Rtiiheiltuti, 

, , N. J., resitlenc.e, Curlstadi, N. I. 

f't rs\ * 


Date 1 

of Eloctioji. 

Mar. 

28, 

, 190® 

Nov. 

22, 

, 1899. 

Sept. 

22, 

1891 

Aug. 

23, 

CO 

0 

I )ec. 

20, 

1893 

Dee. 

20, 

1893 

Nov. 

24, 

1891 

Oct. 

17, 

1894 

M ar. 

25. 

IH96 

Aug. 

5 » 

1896 

June 

5 » 

x888 

Sept* 

22, 

1891 

May 

16, 

1B99 

Jan, 


*893 

F«h, 


1898 

Apr. 

26, 

1899 


2H, 

1900 

Ntw. 

l8p 

1896 

May 

19, ^ 

1896 
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Name. Address. 

ScHWEDTMANN, FERDINAND General Sup't Wag'ner Electric M’f’g 
Co., 2017 LocQstSt, St.Louis, Mo. 
Schweitzer, Edmund Oscar, Electrical Inspector, Chicago 
Edison Co , 139 Adams St.; resi¬ 
dence, 1906 Oakdale Ave., Chica 'o, 
Ill. 

SciDMORE, Frank L. With NC Y. C. & II. R. R. R. Co., 
office of A. F. A.; residence, .21 
Highland Ave., Yonkers, N. Y. 

Scott, Wm* M. Elect* ical Engineer. The Cutter Elec¬ 

trical and Mfg, Co., 1112 Sansom 
St., Philadelphia, Pa.; residence, 
108 West Johnson St , German¬ 
town, Pa. 

ScuDDER, Hewlett, Jr., Assistant to Prof. Henry M. Howe ; 

residence, 2r East 22d St., New 
York City. 

Consulting, Mechanical, and Electrical 
Engineer, Denver Engineering 
Works, Denver, Col. 

Electrical Engineer, Fort Wayne Elec¬ 
tric Works, Marquette Building, 
Chicago, Ill. 

Manager, The Hilo Electric Light Co. 
Ltd., Hilo, H. L 

A. B. See Manufacturing Co., 116 
Front St.; residence, 107 East 19th 
St , (Flatbush), Brooklyn, N. Y. 

Consulting and Constructing Engineer, 
6 Northampton St., Wilkes-Barre, Pa. 

Deep River, Conn. 

Mechanical and Electrical Engineer, 
99 Cedar St., New York City; resi¬ 
dence, Plainfield, N. J. 

With Fort Wayne Electric Corpora¬ 
tion, 150 Devonshire St., Boston, 
Mass. 

Supt. and Electrician. Electric Light¬ 
ing Co. of Mobile, Box, 234, 
Mobile, Ala. 

John A. Rcebling’s Sons’ Co., 25 Tre- 
mont St., San Francisco, Cal. 

Shaw, Aubrey Norman Draughtsman, A B. See M’f’g Co., 
residence, 298 Carlton Ave., Brook¬ 
lyn, N. Y. 

Shaw, Howard Burton Professor Electrical Engineering, 
Missouri State University, Columbia, 
Mo. 

Shearer, J. FIarry Electrical Engineer, National Electric 
Light Co,, Apartado, 639 Mexico 
City, Mexico. 

Shepard, Roberto R. Erecting Engineer. Mexican General 
Electric Co., Apartado 403, Mexico 
City, Mexico. 

(19) 


Searing, Lewis 

Searles, a. L. 

Sedgwick, C. E. 

See, a. B. 

Seitzinger, Harry M. 

Selden, R. L. Jr., 
Serrell, Lemuel Wm. 

Serva, a. a. 

Shaffner, S. C. 

Sharpe, E. C. 


Date of Election. 
Nov. 22, 1899 

Feb. 15, 1899 
Dec. 18, 1895 

June 23, 1897 

Nov. 22, 1899 

April 3, 1888 

April 18, 1894 
Feb. 23, 1898 

Jan. 17, 1893 

Sept. 20, 1893 
Jan. 24, 1900 

Nov. I, 1887 

Dec. 20, 1893 

Aug. 13, 1897 
Feb. 26, 1896 

Mar. 28, 1900 

April 28, 1897 

Jan. 24, 1900 

Jan. 24, 1900 
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associate members 


Name. 

Shock, Thos. A. W. 

Address. Election. 

Gen’l Sup’t Portland General Electric 

Co.. Portland, Or. Mar. 20. 1895 

Simpson, Alexander B. 

Electrical Engineer, 54 Maiden 

Lane. N. Y. City. May 21, 1891 

Simpson, J. Manley 

Assistant to General Superintendent, 

Northwestern Grass Twine Co., F- 

0. Box 2513, St Paul, Minn. Jan. 25. 1899 

SisE, Charles F. 

President, Bell Telephone Co., of 

Canada. P. 0. Box 1918, Montreal, 

Canada. 

Skinner, Charles Edward Electrical Engineer, Westing- 

’ house E. & M. Co.; residence, 424 ^ ^ ^ 

Franklin Avc., Pittsburg, Fa. Apr. 26, 1899 

Skirrow, John F. 

AssT Manager, Postal Telegraph Cable 

Co., New York City; residence, 183 

N. 19th St., East Orange, N. J. Sept. 25, 1895 


Slater, Frederick R. 

Asst. T^lectrical Engineer, Manhattan 

Rway., 32 Park Place, New York; 
residence, T53 Warburton Ave., 

Yonkers, N. Y. 1894 

Smith, J. Brodie 

Supt. and Electrician, Manchester 

Electric Light Co., 142 Merrimack 

St., Manchester, N. FI. Mar. 21, 1894 

Smith, J. Elliot 

Superintendent Fire Alarm Telegraph, 

122 W. 73d St., New York City. April 15, 1884 

Smith, Oberlin 

President and Mechanical Engineer, 

Ferracute Machine Co., Lochwold, 

Bridgeton, N. J. May 19,1891 

Smith, T. Jarrard 

Manufacturers and Inventors’ Electric 

Co.. 96 Fulton St., Tel, 838 John, 

New York City; residence, Roselle, 

J. April 19, 1892 

Smith Walter Eugene Electrician, The United Electric Im- 
’ provement Co., xgtk and Allegheny 

Ave., residence, 2010 Ontario St., 

Philadelphia, Pa. 28, 1900 

Smith, Wm. Lincoln 

Instructor of Electrical Engineer¬ 
ing. Mass. Inst, of Technology, 

Boston, Mass.; P. 0. Box 416, 

Concord, Mass. 18, 1899 

Sowers, David W. 

Sup’t Buffalo Branch,New York Elec¬ 
tric VehicleIraiLsportationCo., 240 

W. Utica, St., residence, 67 W. 

North St., Buffalo N. Y. July l8, 1899 

Speed, Buckner 

Assistant Engineer, Southern Pacific 

R. R , Tucson, Arizona, Apr. 22, 1895 

Spencer, Paul 

Inspector of Electric Plants, United 

Gas Improvement Co., Broad and ’ 

Arch Sts , Philadelphia, Pa. Nov* 30, 


(17) 
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Name. 

Address. 

Date of Election. 

Spencer, Theodore 

With Bell Telephone Co., 406 Market 
St., Philadelphia, Pa. 

Mar. 

21, 1893 

Sperling, R. H. 

Assistant Engineer, British Columbia 
Electric Railway Co., Ltd., Victoria, 
B. C. 

Nov. 

33 > 1898 

Squier, George 0 ., ist Lieut., 3d Artillery, Chief 

Signal Office, War Department, 
Washington, D. C. 

May 

19, 1891 

Stadelman, Wm. A. 

Agent, Elwell-Parker Co., 26 Cortlandt 
St., New York City. 

Feb. 

7, 1890 

Stahl, Th. 

Mining Engineer for Messrs. Schneider 
& Co., Grenoble, France. 

Nov. 

15, 1892 

Stakes, D. Franklin 

Electrical Expert and Salesman, c/o. 
Siemens-Halske Electric Co., of 
America, 1500 Land Title Bldg. 
Philadelphia, Pa. 

Jan. 

20, 1897 

Stanton, Chas. H. 

With C. H. & H. Stanton Electrical 




Contractors, 1517 Walnut St.; resi¬ 
dence, 134 S. 3d St., Philadelphia, Pa. Mar. 20, 1895 
Stewart, John Bruce Superintendent,Electric Plant, Virginia 

Hot Springs Co., Hot Springs, Va. Aug, 23, 1899 
Stevens, J. Franklin President Keystone Electrical Instru¬ 
ment Co., 9th St. and Montgomery 
Ave.; Philadelphia, Pa. Sept. 19, 1894 

Stewart, Robert Stuart Westinghouse Electric and Mfg., 

Co., 440 Jefferson Ave., Detroit, 

Michigan. Dec. 20, 1896 

Stewart, W. M. District Inspector, New York Tele¬ 

phone Co., 30 Gold St., New York 
^ity. Mar. 25, 1896 

Stine, Wilbur M. Professor of Engineering, Swarthmore 

College, Swarthmore, Pa. May 15, 1894 

Stockbridge, Geo. H. Patent Attorney, 120 Broadway; 

[Life Member.] residence, 2514 iith Ave , near 

187th St., New York City. May 24, 1887 

Stone, Charles A. With Firm of Stone & Webster, 4 

P. O. Sq., Boston, Mass. May 19, 1891 

Stone, Joseph P. Electrical Engineer, Bailey. Walker, 

& Co., Buenos Aires, A. R. Dec. 18, 1895 

Storer, Norman W, Electrical Engineer, Westinghouse 
Electric and Mfg. Co., Pittsburg; 
residence, Edgewood, Park, Pa. Dec. 18, 1895 

Stout, Joseph Suydam, Jr., Inspector, Edison Electric I^umi- 
natingCo.;55 Duane St., residence, 

35 East 67th St., New York City. Nov. 22, 1899 

Straus, Theodore E. Electrical Engineer, 13 W. Pratt St., 
residence, 1213 Linden Avenue, 

Baltimore, Md. Nov. 18, 1896 

Strauss, Herman A. Electrical Engineer, Electrical Con¬ 
struction Dept. Manhattan Railway 
Co., residence, in E. 6ist St , 

New York City. Oct. 17, 1894 

Sturdevant, Chas. Ralph Assistant Professor of Electrical 
Engineering, Kentucky State Col- 
ege, Lexington, Ky. May 16, 1899 


( 20 ) 
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Stutz, Chas. C. 

Summers, Leland L. 
Swann, John Joseph 


Name. Address. 

Sturtevant, Charles L. Patent Attorney, Atlantic Building, 
Washington, D. C. 

Chief Draughtsman. Sprague f'lectric 
Co , residence, 7 West g2nd Street 
New York City. 

Electrical Engineer, 441 The Rookery, 
Chicago, 111 . 

The Ingersoll - Sergeant Drill Co., 
26 Cortlandt St., residence, 12 l^ast 
47th Street, New York. 

Swenson, Bernard Victor Assistant Professor of Electrical 
Engineering, University of Wiscon¬ 
sin, 404 W. Milllin St., Madison, 
Wis. 

2nd Vice-President, residence, 449 
Washington St., Bridgeport, Conn. 

Instructor, I-Clectrical Engineering, 
Spring Garden Institute ; residence, 
12 North 38th St , Philadelphia, Pa. 

Electrical Engineer, Western Electric 
Co., Security H'ld’g, St. Louis, Mo. 
Chief Engineer, Bell Telephone Co., of 
Mo., Telephone Bldg., St. Louis,Mo. 

Electrical Engineer, Mining Dep't, 
Mitsu Bishi Co., Tokyo, Japan. 

Superintendent, The Somerset Lighting 
Co., Somerville, N. |. 

Electrician in Government Printing 
Office, care of Public J’rinter, Wash¬ 
ington, D. C. 

c/o. Albert B. Herrick, 120 Liberty St, 
New York City. 

Electrician, Detroit Copper Company, 
Morenci, Arizona. 

Temple, William Chase Con.sulting Engineer, Bank of C.om- 
merceBldg., residence, 1090 Shady 
Ave., Pittsburg, Pa. 

Tesla, Nikola Electrical Engineer and Inventor, 46 

E. Houston St., New York City. 

Thayer, George Langstaff,^^. A., Electrical Ihigineer, Ore¬ 
gon Short Line K. R. Co., c/o G. 
11 . Thayer, 22, 5th Ave., Clticago, 

I'HOMAs, Robert McKean, E. E. Member of the firm of 
Thomas & Betts, 141 Broadway; 
residence, 135 Madison Ave., New 
York City. 

Manager, Electrical Dep't. Krajewski- 
Pesant Company, O’Reilly 15, 
Havana, Cuba. 

Thompson, John West c/o El Portezuelo f.ight .■!! I’ower Co., 
Puebla, Estado de Ihiebla, Mexico.' 
Thompson, Milton T. Constructing Engineer, Mexican Gen¬ 
eral Electric Co., Apartado 403, 

. . Mexico (Tty, Mexico. 

(21) 


Date of Ejection, 
Dec. 20, 1893 

Mar. 28, 1900 
P"eb. 16, 1892 

Jan. 26, i8q8 


Sweet, Henry N. 
SwoopE, C. Walton 

Swope, Gerard 
Sykes, Henry PL 
Tachihara, Jin 
Tait, Frank M. 
Tapley, Walter li. 

Taylor, Irving A. 
Taylor, Jeremy F. 


Feb. 

27, 1895 

May 

20, 1890 

Ja... 

26, 1898 

Apr. 

26, 1899 

Oct. 

18, 1893 

Jan. 

26, 1898 

Sept. 

19, 1894 

Oct. 

25, 1H92 

May 

3 C 7 » 1898 

Dee. 

ay, 1899 

May 

3, *887 

J ime 

5, *888 

Aujr. 

5 » i8<)6 


Thompson, Alfred J. 


April 22, 1896 

Jan. 25, X899 
Sept. 28, X898 

jan, 24, 1900 
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Name. Address. 

Thompson, Sili'anus P. Morland, Chislett Road, West Hamp- 
Stead, London, N. W., Eng^land. 

Thompson, Thos. Perrin Master Electrician, Construction 
Dept. Norfolk Navy Yard, Ports¬ 
mouth, Va. 


Thordarson, Chester H. Manufacturing Electrican, 43 
Franklin St.; residence, 6415 Lex¬ 
ington Ave.. Chicago. III. 

Thurber, Howard F. General Superintendent. New York 
t elephone Co., 18 Cortlandt Street. 
New York City; residence, 49 Sidney 
Place, Brooklyn, N. Y. 

Toerring, C. J. C. J. Toerring Co., 1035 Ridge Ave., 

Philadelphia, Pa. 

Tolmajt, Clarence M, Electrical Engineer, c/o Edward G. 

Stoiber, Silverton, Col. 


Torchio, Philippo 
Tower, George A. 

Townsend, Henry C. 
Townsend, Fitzhugh 
Treadwell, Augustus, 


Engineering Dep’t, The Edison Elec. 
Illuminating Co., 53 Duane Street, 
New York City. 

V. P. Tower, Bin ford Electric and 
M*fg. Co., 704 E. Main St., resi¬ 
dence, 1414 Grove Ave,, Richmond, 
Va. 

Attorney and Expert in Electrical 
Cases, 141 Broadway, New York 
City. 

Electrical Engineer, i i6th Street and 
Amsterdam Ave. ; residence, 173 
Fifth Ave., New York City. 

Jr. E. E., ioo Broadway, New 
York City; residence, 488 3d St., 
Brooklyn, N. Y. 


Tripier, Henri Counsel and Technical Engineer, of 

the Compagnie des Transports Elec- 
triques de TExposition Pan's, 
France; residence, 17 rue Caralloti, 
Paris, France. 


Trott, a. H. Hardy Beer, near Axminster, Devonshire, 
[Life Member.] Eng. 

Truesdell, Arthur E. Engineer, Norfolk Railway and Light 
Co , 82 Plume St., Norfolk, Va. 

Turnbull, Wallace Rupert. Foreman of Experimental Room, 
General Electric Lamp Works ; res¬ 
idence, 29 S. Arlington Ave., East 
Orange, New Jersey. 

Tyng, Francis E. Manager, Eastern Engineering Co., 

164 W. 27th St., New York; resi¬ 
dence. Cranford. N.J, 


Vail, Theo. N. 26 Cortlandt St., New York City. 

Van Buren, Gurdon C. Electrical Expert, with Federal Instru¬ 
ment Co., 82 State St., Albany, 
N. Y. 


Vandegrift, James A. Treasurer and Manager, The Colorado 
Lamp Co., 2051 C'alifornia St., Den¬ 
ver, Col. 


Date of Election. 

Oct. 27, 1897 
Jan. 25, 1899 
Dec. 18, 1895 

Mar. 25, 1896 
April 18, 1894 
April 27, 1898 

June 27, 1895 

May 15, 1894 
July 10, 1888 
Jan. 20, 1897 
Feb. 21, 1894. 

Sept. 28, 1898 
Jan. 20, 1891 
Feb. 15, 1899 

Mav 17, 1898 

Dec. 28, 1898 
April 15, 1884 

Oct. 25, 1892 

Nov. 24, 1891 
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Nanie. Address. 

Van Deventer, Christopher Stanley Electric M'fV. Co. 

Pittsfield, Mass. 

VanVleck, John Falconer Constructing Engineer, The Edi¬ 
son Electric and Illuminating Co. of 
New York; residence, Glenridge, N. J. 

Van Wyck, Philip V. R., Jr. New York Telephone Co., 15 
Dey St.; residence, Plainfield, N. J. 

Varney, William Wesley Cif'y Commissioner of Baltimore, 
office, City Hall; residence 712 
N. Carey St., Baltimore, Md. 

Venable, Wm. Mayo The National Contracting Co., ii 
Broadway, New York City. 


Date of Election. 
Feb. 17, iSgy 

Aug. 5, 1896 

April 21, 1891 

Nov. 21, 1894 
Nov 30, 1897 


ViNTEN, Ernest Stiles 


Foreman Xnob. Dept. Sargent Co.; 
residence, 89 Pearl St., New Haven, 
Conn. 


April 27, 1898 


VoiT, Dr. Ernst 


VOSMAER, xALEXANDER 


Vreeland, F. K. 


Wagner, Herbert A. 


Professor ^ of Electricity, Technical 
U n iversity, Sch wanthalerstrasse, 

Munchen, Germany, 

Electrical. Mechanical, Chemical En¬ 
gineer, Director Electrical Research 
Laboratory, Zijiweg 40, Haarlem. 
Holland. 

Ass’t Engineer, Crocker-Wheeler 
Co , residence, 228 Orange Road, 
Montclair, N. J. 

Gen. Supt., Missouri. Edison Elec¬ 
tric Co., and also with Wagner Elec¬ 
tric Mfg. Co., 415 Locust St., St. 
Louis, Mo. 


Wallace, Chas. F. 

Wallace, William 
Waller, Chas. Waite 

Wardlaw, George A. 
Warner, Chas. H. 


Engineer, Stone and Webster, 4 P. O. 
Square: residence, 286 Chestnut 
Ave., Boston, Mass. 

[Address unknown.] 

Sales Agent, General Electric Co., 
Claus Spreckels B’ld’g, San Francis¬ 
co, Cal. 

[Address unknown.] 

Consulting Electrical Engineer, 764 
Rock St., Fall River, Mass. 


Warren, Aldred Kennedy Electrical Engineer, 120 Centre 
St., New York; residence 114 E. 
17th St., New York City. 


Wason, Chas. W. 


President and Purchasing Agent, 
Cleveland, Painesville and Eastern 
R. R., Purchasing Agent. Akron, 
Bf^dford and Cleveland R. R., 616 
Garfield Bldg., Cleveland, O. 


Waterman, Marcus B. Assistant Electrician, Consolidated 
Telegraph and Electrical Subway 
Co.. 55 Duane St , New York City; 
residence. 177 Lefferts Place, Brook¬ 
lyn, N. Y. 


Mar. 21, 1894 


Nov. 18, 1896 
Oct. 26, 1898 


Sept. 28, 1898 


Nov. 18, 1896 
April 15, 1884 


Aug. 23, 1899 
Jan. 17, 1894 

Dec. 20, 1893 
Nov. 20, 1895 


May 19, 1891 


Feb. 15, 1899 
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Name. 

Waters, Edward G. 
Webb, Henry Storrs 


Webster, Edwin S 


Address. 

General Electric Co., 44 Broad St,, 
New Ycrk City. 

International Correspondence Schools; 
residence, 225 Jefferson Avenue, 
Scranton, Pa. 

Firm of Stone & Webster, 4 P. O. 
Sq., Boston, Mass. 


Weisb, Will M. T. Manager, WeiseBros., Library Build¬ 
ing, Davenport, Iowa. 

Welles, Francis R, Manufacturer, 46 Avenue de Breteuil. 
Paris. France. 

Wells, Walter Farrington Supt srdDist., Edison Electric 
Illuminating Co., 55 Duane St., 
residence, 71 East Q2d St., New 
York, N. Y. 


West, Julius Henrik Engineer, Handjery St., 58 Friedenau, 
Berlin, Germany, 

Whitaker, S. Edgar Superintendent and General Manager 
of the Portland and Yarmouth Elec¬ 
tric Railway Co., 440 Congress St., 
residence; 221 Cumberland St., 
Portland, Me. 


White, Chas. G. Public Schools Sup^t, and Instructor 

in Physics and Chemistry, I.ake 
Linden, Mich. 

White, James Gilbert J. G. White & Co., Electrical Engi¬ 
neers and Contractors, 29 Broadway, 
New York City. 

Whiting, Allen H. Assistant Engineer, Riker Electric 
Vehicle Co., Elizabethport, N. J. 
residence, 320 Lexington Ave., 
New York City. 


Whiting, S. E. Assistant in Electrical Dep’t., Harvard 

University; residence, ii Ware St., 
Cambridge, Mass. 

Whitmore, W. G. Electrical Engineer, General Electric 

Co., Edison Building, Box 3067, 
New York City. 

Whitney, Clinton Eugene Draughtsman with Geo. T. Han- 
chett. residence 61 W. 114th St., 
New York City. 


Whitney, Henry M. 81 Milk St., Boston, Mass. 

[Life Member.] 

Whitted, Thos. Byrd District Engineer, The General Elec¬ 
tric Co., Denver, Col. 


Widdicombe, Robert A. 

Wiederhold, Oscar 

Wiese, Gustav Adolph 
Wightman, Merle J. 

Wiley, Geo. Lourie 

(21) 


Engineer, Western Electric Co.: 
residence, 16^3 Roscoe St., Chi¬ 
cago, Ill. 

Sup’t. of Commercial Lighting Co., 
cor. Morris Ave. and New St., 
Newark, N. J. 

City Electrician of Alameda, 718 
Haight Ave., Alameda, Cal. 

Electrical Engineer, The Staten Island 
Midland Railway Co., Room 102, 
Times Building, N. Y. City. 

Manager, Standard Underground 
Cable Co., 56 Liberty St., New 
York, residence, Arlington, N. J. 


Dare of Election. 


Mar. 

18, 

1890 

Nov. 

20, 

1895 

April 

21, 

i8qi 

Aug. 

13* 

1897 

Sept. 

6, 

1887 

Apr. 

26, 

1899 

Sept. 

20, 

1893 

Aug. 

5, 

1896 

Sept. 

23, 

1896 

April 

2, 

1889 

Nov. 

18, 

1896 

j\Tay 

16, 

1899 

Mar, 

18, 

189c 

Nov. 

22, 

1899 

July 

12, 

1887 

Mar, 

22, 

1899. 

Apr. 

26, 

1899 

Aug. 

13, 

1897 

Sept. 

25, 

189s 

Mar. 

5 » 

1889 

Feb, 

28, 

1900 
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Name. Address. Date of Election. 

Wiley, Walter S. Engineer, with the American Water¬ 

works, 1107 No. 40th St.. Omaha, 

N'eb. April 18, 1894 

Wiley, Wm. H. Scientific Expert, 43 E. 19th St., New 

York City. Feb. 7, 1888 

Wilkes, C. M., Engineer. D. H. Burnham & Co., 

1142 The Rookery, Chicago, Ill. Nov. 22, 1899 

Williams, Arthur General Inspector, The Edison Elec¬ 
tric Illuminating Co., cf New York; 
residence, 155 Linden Boulevard, 

Brooklyn, N. V. June 23, 1897 

Williams, Charles Jr. Electrician, i Arlington Street, East 

Somerville, Mass. April 15, 1884 


Williams, Geo. Henry District Supt. The Edison & Swan 
United Electric Co., Ltd., 134 Royal 
Avenue; residence, Culmore, Glen- 



burn Park, Belfast, Ireland. 

Oct. 

27,1897 

Willi.ams, William Henry Professor of Mechanical and Elec¬ 
trical Engineering. Montana State 
College, Bozeman, Mont. 

Sept. 28, 1898 

Wilson, Chester P. 

Chief Engineer, The Milwaukee Elec¬ 
tric Railway and Light Co., 451 
Broadway, Milwaukee, Wis. 

Sep. 

25, 1895 

Wilson, Howard S. 

Superintendent Puebla Electric Light 
Co., Puebla, Mexico. 

Aug. 

23, 1899 

Wilson, Robert M. 

Faculty of Applied Science, McGill 
University ; residence, 31 Esplanade 
Ave., Montreal, P. (^. 

Jan. 

25, 1899 

WiNAND, Paul A. N. 

Engineer and Supt., Schleicher, 
Schumm & Co., 3200 Arch St., 
Philadelphia, Pa. 

June 

20, 1894 

Winchester, Samuel B. 

5 Laurel St., Holyoke, Mass. 

May 

15, 1894 

Winfield, James H. 

Sup’t Eastern Division, Nova Scotia 
I'elephone, Ltd., New Glasgow, 

N. S. 

May 

17, 1898 

Winslow, I. E. 

The General Traction Company, Ltd., 
35 Parliament Street, Westminster, 
London, Eng. 

Nov. 

12, 1889 

WiNTRINGHAM, J. P. 

Theorist, 36 Pine St., Cable address, 
“Atlantic Scrip,New York City, 
and 153 Henry St., Brooklyn, N.Y. 

May 

7» 1889 

Wirt, Herbert C. 

Engineer, Supply Department, General 
Electric Co., Schenectady, N. Y. 

June 

26, 1891 

Wise, John Shreeve, Jr., Electrician The Pa. Mfg. Light and 
Power Co.; residence, 2023 Mt. 
Vernon St., Philadelphia, Pa. 

Feb. 

15, 1899 

Wolff, Frank A. Jr., 

Professor of Physics and Electrical 
Engineering, Corcoran Scientific 
School. Columbian University, and 
in office, U. S. Standard Weights 
and Measures, Washington, D. C. 

Dec. 

27, 1899 

Wood, Arthur J. 

(19) 

Associate Editor, Railroad Gazette^ 32 
Park Place, New York City. 

Dec. 

28, 1898 
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Name. 

Wood, Fred. W. 
WOODBRIDGE, J. E. 
Woodward, W. C. 

Woodworth, Geo. K 

Woolf, Albert E. 

WORSWICK, A. E. 

WoTTON, Tames A. 
Wray, J. 

Wybro, Harrison C. 


Address. 

General Manager, Los Ancieles Rail¬ 
way Co., Los Angeles, Cal. 

Editor American Electrician, 120 
Liberty St., New York City. 

Electrical Engineer, Narragansett 
Electric Lighting Co., 60 Weybos- 
setSt., residence, 30 Cushing St , 
Providence, R. I. 

Assistant Examiner, U. S. Patent 
Office: residence, 1424 S St., N. W., 
Washington, D. C. 

Electrician and Inventor, The Electro¬ 
zone Co , 415 Lexington Ave., New 
York City. 

Vice-President and Resident Engineer 
F. C. D., 3rd Calla de las Artes, 
Mexico ’ City. 

Manager Wotton Electric and M’f’g. 
Co. 1 -lox 543, Atlanta, Ga. 

Assistant Engineer, Chicago Tele¬ 
phone Co., 1651 Fletcher Ave., 
Chicago, Ill. 

Electrical Engineer, Wybro-Hendv 
Co , 38 Fremont St., San Francisco, 
Cal. 


Yarnall, Vernon H. 


Young, Charles I. 


Yslas, Carlos 


Zabel, Max W. 


Zah.m, a. Wilford 


Zalinski, Edmund L. 


Zapata, J. M. 


(16) 


Superintendent of Construction, for 
Sprague Elevator Co., 52 Broadway, 
New Vork City. 

Electrical Engineer, Westinghouse 
Elec. & Mfg. Co., Land Title Bldg., 
Philadelphia, Pa. 

Electrical Engineer and General 
Manager, Compania Telefonica 
Nacional, Jalapa, Ver. Mexico. 
Draughtsman and Student of Patent 
Law with John A. Brown & Cragg, 
1450 Manadnock Bg., residence, 
454 North Ave., Chicago, Ill. 
Electrical Engineer and Supt., Man¬ 
hattan Light, Pleat and Power Co., 
Manhattan Building, St. Paul, Minn. 
Captain of Artillery, U. S. A., 
(retired). The Century, 7 West 43d 
St., New York City. 

Constructing Engineer, The Mexican 
General Electric Co., Apartado 403, 
Mexico City. 

Associate Members, - - - . 


Date of Election. 
May 17, 1898 
Oct. 26, 1898 

Nov. 18, 1896 

Feb. 17, 1897 

Sept. 16, 189© 

Sept. 20, 1893 
Oct. 27, 1897 

Sept. 20, 1893 

Dec, 18, 1895 

May 16, 1893 

June 27, 1895 

Nov. 18, 1896 

Jan. 24, 1900 

Nov. 23, 1898 

May 17, 1887 

Feb. 28, 1900 
807 


OFFICIAL STENOGRAPHER 

Ryan, Richard W., Room 178, Post Office Building, Telephone, 2787 Cort- 
landl. Residence, 125 W. 80th St., New York City. 


SUMMARY. 

Honorary Members, - 2 

Members, - 274 

Associate Members, goy 

Total ' - - - 1183 




GEOGRAPHICAL DISTRIBUTION. 

{Revised to May ist^ igoo.) 

NORTH AMERICA. 

UNITED STATES. 


ALABAMA. 

Birmingham.— Harris, G. H. 
Mobile. —Shaffner, S. C. 
Montgomery.— Jones, H. C. 


ARIZONA. 
Morenci, Taylor, J. F. 
Tucson. —Speed, Buckner 


ARKANSAS. 

Fayetteville.— Gladson, W. N. 


CALIFORNIA. 
Alameda. — Wiese, G. A. 
Berkeley.— 

Babson, A. C. 

Cory, Prof. C. L. 

Le Conte, Joseph N. 

Lynn, W. A. 

Mortimer, Jas. D. 

Bodie. —Downing, P. M. 
Haywards.— Clement, L. M. 
Los Angeles. 

Griffes, E. V., 121 E. 4th St. 

Van VIeck, Frank, W. F. Building 
Wood, F. W., Los Ang. Ry. Co. 

Marysville.— 

Boyd, J. D. 

Theberath,T. E. 

Nevada City.— Hancock, L. M. 
Oakland. —Gaytes, Herbert 
Oroville, Montague, R. L. 
Pasadena.— Gilmore; L. H. 
Riverside.— Henderson, H. B. 
Sacramento.— Hutton, C. W. 


San Francisco. 

Allen, W. H., 331 Pine St. 

Barbour, Fred F., Claus Spreckels Bg, 
Broili, Frank, 154 Hickory Ave. 
Crowell, Robinson, 23 Stevenson St. 
Daft, Leo, 180 Noe St. 

Foster, S. L.. Market & Valentine 
Greenwood, F. A., 409 Market St. 
Henry. G. J., Jr., 121 Main St. 
Hewitt, Wm. R., 9 Brenham Place 
Hunt, A. M., 331 Pine St. 

Keith. N. S., 62 Nevada Block 
Lee. F. V. T., 33 New Montgomery 
Lightbipe, Jas. A., Claus Spreckels Bg. 
Low, George P., 320 California St. 
Martin, John, 33 New Montgomery 
Masson, R. S'., Mills B’Jd’g 
Medina. F. P., 534 Market St. 

Meredith, Wynn, 331 Pine St 
Molera. E. J. 606 Clay St. 

Napthaly, S. L., 500 Parrott B’ldg 
Poole, C. 0 , Crocker B’ld’g. 

Ridley. A. E. B., 598 Parrott B’ld’g 
Russell, H. A., 302 Laurel St. 

Sharpe, E. C., 25 Fremont St. 

Smith, F. E., 183 Jessie St. 

Waller, C. W., Claus Spreckels B’ldV 
Wybro, W. C., 38 Fremont St. 

27 

Stanford Univ’y— Copeland, C. A. 
Stockton. —Adams, F. P. 


COLORADO. 

Aspen.— Doolittle, Clarence E. 
Canon City. —Wilcox, N. T. 
Denver. 

Oudin, M., Kittredge B’ld’g. 

Searing, L.. Denver Eng. Works 
Stearns, J. W. Jr., Mountain Elec. Co 
Vandegrift, J. A., 2051 California St. 
Whitted, T. B., Kittredge B'ld’g. t; 

Silver! on. 

Holt, M. B. 

Tolman, C. M. 2 

Telluride.— Nunn, Paul N. 
Victor.— Jackson, W. B. 
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CONNECTICUT. 
.AiisoGia.—Grower, George. G. 
Bridgeport. 

Crocker, E. C., 2q Harriet 

Powell. P. H., 530 State 

Sweet, II. N.. 449 Washington Ave. 

3 

Deep River.—Selden, R. L. Jr. 
Greenwich.—Johnston, W. J. 
Hartford. 

Condict, G. H., Col. & Elec. Vehicle Co. 
Corson, W. R. C., 127 Oxford St. 
Crane. W. F. D., 10 Garden St. 
Ramsey, H. N., Col & Elec. V eh. Co. 
Robb, Prof. Wm. L., Trinity College. 
Sachs, Jos., The Johns-Pratt Co. 
Strong, F. G., Box 959. 

Waring, John, 141 Washington St. 

8 

Middletown. —Rosa, E. B. 

New Britain. —Mather, E. H. 

New London. —Storrs, H. A. 

New Haven. 

Boynton, E. C., N.Y.N.H. & H.R.R. 
Heft, N. H. “ , " 

Vinton, E. S., Sargent & Co. 

3 

Noroton. —Delafield, A. Floyd 
South Norwalk. —Winch ester, A. E. 
South Manchester.— Adams, J. L. 
Windsor. —Heath, Harry E. 


DELAWARE. 

Wilmington. —Van Trump, C. R. 

Wilm. City Elec. Co. 


DISTRICT OF COLUMBIA. 
Washington. 

Abbe, Cleveland- 2017 I St. 

Allen, W. C., District Bld’g 
Berliner. Emile, Columbia Road 
Betts, Philander, Bur. Yards & Docks. 
Brackett, B. B., 18 3d St. 
Chappell.W.E., U.S.S.Chicago.U.S.N. 
Crandall, J. E-, 6ig J4th St., N. W. 
Crosby, O. T., 1417 G St. 

Dieterich, F. \V., 602 F St. 

PYeeman, Frank L., 931 F St. 

Gibbs, L. T., U. S. Navy Dep.t 
Hill, H. P., Wash’ton Loan & Trust Bg. 
Hopkins, N. M., 1730 1 St, 

Ives, E. B., c/o War Dept. 

Jackson. W. .S., 325 Spruce St. 

Lyons, Joseph, go8 G St. 

Mauro, Philip, 620 F St. 

Maynard, G. C., Smithsonian Inst. 
Morgan, C. H., Patent Office. 

Roller, J. E., U. S. Navy Dept. 

Shea, D, W,, Catholic University 


I Washington.—Continued. 

Squier, G. O., U. S, A. Signal Office, 
Sturte%’-ant, Charles L.. Atlantic B’Id’g 
'I’apley, W. H., Gov. Printing Office 
Wolff, F. A. Jr., Columbian Qniv’y. 

I Woodworth, G. K., 1424 S St., N. W. 
I 26 


FLORIDA. 

Jacksonville.—Hammatt, C. S. 
St. Augustine.—Best, A. T. 


GEORGIA. 

Atlanta. 

Burkett, C. W. 

Schoen, A. M., 339 Equitable B’Id’g. 
Wotton, J. A., Box 543. 

.. 3 

Augusta. 

Edwards, Jas. P. 

Ellis. R. Laurie, S03 Broad St. 

Moore, W. PL 

3 

Columbus.—Boileau, W. E. 

Macon. —Nyhan, J. T. 

Savannah.—Nunn.Richard 


ILLINOIS. 

Alton. 

Porter, J. F., 205 Market St. 

I 

Chicago. 

Abbott, Arthur V., 203 Washington St. 
Armstrong, C. G., P'isher B’Id’g 
Arnold, Bion J., 1541 Marquette B’Id’g 
Badt, Lt. Francis B., 1504 Monadnock 
Ball, W. D., N. Y. Lile B’Id’g 
Barton, Enos M., 227 South Clinton St. 
Boggs L. S , 1140 Monadnock 
Brinckerhoff, H. M., 258 Franklin St. 
Brown, C. L., 1309 Monadnock B’Id’g 
Comstock, L. K., 227 So. Clinton St, 
Crandall, Chester D., 227 S. Clinton St. 
JJaggett. R. B., Marquette B’Id’g 
Damon, G. A., 1541 Marquette B’Id’g 
de Khotinsky, Capt, A., 5526 Jefferson 
Ave. 

Domraerque,F.J.,Congress & Green Sts. 
Dunbar, F. W.. 234 La Salle St. 
Duncan, Thomas, Grant Works. 

Eddy, H. C.. Lees Building 
Etheridge. Locke, root Monadnock 
Frantzen, Arthur, 225 Dearborn St. 
Goltz, Wm., i«;o4 Monadnock B’Id’g 
Hartwell Arthur, 171 T.a Salle bt. 
Haskins. Clark C., 682a W. Adams St. 
Hellick. C. G., 203 Washington St. 
Hibbard, Angus S. 203 Washington St. 
Huguet, C. K., 731 Jackson Boulevard 
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Illinois, Indiana, Iowa, Kan,, Kentucky, La., Maine, Maryland, 


Chicago —Continued. 

InsuH, Samuel, 139 Adams St. 

Knox, G. W., 1812 Fisher B’idg. 
Kreidler, W. A.. 510 Marquette B'ld’<y 
Lansingh, V. R., 227 S. Clinton St. 
Lyford, O. S., Jr. gS Jackson St. 
Lyman, James, Monadnock B’Id'g 
Macomber, I. J., Armour Inst. 

Malia, J. P., 5316 Union Ave. 

Mayer, G. M., 1401 Monadnock B’ld’o- 
McMeen. S. G., 1306 Ashland Block*^ 
Miller, K, B., Congress & Green Sts. 
Morehead, J. M., 157 Michigan Ave* 
Neiler, S. G., 2409 Manhattan B’id g 
Neurath, M.M., 1444 Monadnock B’ld’o 
Nichols, Geo. P., 1036 Monadnock Bg. 
O’Connell, j. J., 203 Washington St. 

0 Dea M. T., 73 No. State St. 

Pierce, R. H., 1409 Manhattan B’ld’g 
Rae, F. B., 134 Monroe St. 

Ray. W. D , 545 Wabash Ave. 
Reichmann, P., University of Chicago. 
Richardson. R. E., 1409 Manhattan Bg. 
Rideout, A. C.. lor Randolph St. 
Schweitzer, E. O., 139 Adams St. 
Searles, A. L., Marquette B’ld’g 
Summers, Leland L., 441 Rookery 
Thayer, G. L.. 22 5th Ave. 
Thordarsson, C. H., 43 Franklin St. 
Wait, Henry H., 227 So. Clinton St. 
Warner. E. P.. 227 So. Clinton St. 
Widdicombe, R. A.. 277 S. Clinton St. 
Wilkes, C. M., 1242 The Rookery 
Wray, J. G., 203 Washington St. 

Zabel, M. W. 1450 Monadnock B^ld’g. 

60 

Elmwood.— Phelps, W. J. 
Maywood.— Kennedy, A. P. 

Oak Park. —Privat, Louis 
Peoria— Gutmann, L. 

Quincy.— Chubbuck, H. E. 

Urbana. 

Aldrich, W. S. 

Esty, William. 

2 

Winnetka.— Herdman. F. E. 
INDIANA. 

Anderson.— Richey, A. S. 

Fort Wayne. 

Barnes. Edw. A. Ft Wayne Electric Co. 
Crawford, D. F., P. R. R. 

Hadley, A. L., Ft. Wayne Elec. Works 
Hunting, F. S., 325 W. Washington St. 

4 

Indianapolis-.— Bentley, M. H., 230 
North Meridian St. 

Green, E. C., 1710 Prospect St. 

Marshall, Cloyd, Jenney Elec. Mfg. Co. 

3 


Geneva.— MacFaddden, C. K. 
Lafayette. 

Estertine, J. W., Purdue University. 
Goldsborough. W. E., 113 South St. 
Matthews, C. P., 16S Pierce St. 

3 

Terre Haute. 

Balsley, Abe, 514 Centre St. 

Harris m. R. B. 

2 


IOWA. 

Corning.— Munns, C. K. 
Davenport —Weise, Wm. T. 

Fort Dodge. —Cunningham, E. R. 
Montezuma. —Mortland, J. A. 

KANSAS. 

Wichita.- McVay, H, D. 

KENTUCKY. 
Lexington.— Sturdevant. C. R. 
Louisville. 

Hubley. G. W., Sth and Greene Sis. 
McLeod, Geo., 29th & High Sts. 

2 

LOUISIANA. 

New Orleans. 

Ayres, Brown, Tulane University. 
Carroll, Leigh, 708 Union St. 

2 

MAINE. 

Lewiston.—Robinson, Almon 
Portland. 

Whitaker, S. E., 440 Congress St. 


MARYLAND. 
Annapolis.— Dodge, O. G. 
Baltimore. 

Brown, H. T., 227 E. German St. 
Browne, S. H.. 810 Equitable B’ld’g 
Ellard, John W., 15 South St. 

Hall, Clayton C., 10 South St. 
Holmes, Ck R , 215 No. Calvert St 
Keilholtz. P. O., 330 No. Charles St. 
McCay, H. K., 106 D. German St. 
Morrison. J. PVank, 15 South St. 
Prosser, H. A. Keyset B’ld'g 
Rowland. H. A., John Hopkins Univ 
Schoolfield, F. R., 738 W. Fayette St 
Schwab, M, C. 1729 Madison Ave 
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Marylandy Mussacliuseits, MicJdgan, 


Baltimore.—Continued. 

Scott, J. B., 327 E. German St. 

Straus. Theo., 13 W. Pratt St. 

Varney, W. W.. 712 N. Carey St. 
Young, W. D., Roland Park 16 


MASSACHUSETTS. 
Amherst.—Barry, David 
Andover.—Coleman, W. H. 
Arlington Heights.—Pladley, F. W. 
Auburndale.—Blake, Francis 
Boston. 

Adams, A. D., Box 1377 
Bancroft. C. F., 14 Kilby St. 

Berthold, V. M.. 125 Milk St. 

Blodgett, Geo. W., B. & A. R. K. 
Blood, J. B.. 22A Equitable B’ld’g 
Brophy, Wm., 12 Old Court House. 
Burleigh, Chas. B., 200 Summer St. 
Cabot. F. E., 55 Kilby St. 

Chase, H. A.. 8 Congress St. 

Childs, A. E., 23 Centre St. 

Codman. J. S.. 31 Milk St. 

Coffin, Chas. A., 180 Summer St. 

Craig, J. Hally, 49 Federal St. 

Cross, Chas. R., Mass. Inst. Tech. 
Davenport. Geo. W.., 61 Ames B’ld’g 
Doolittle, Thos. B., 125 Milk St. 

Edgar, C. L., 5 Head Place 
Erickson, F. Wm., 71 Federal St. 
Farnham, T. K., 125 Milk St. 

Ford, Wm. S., Room 73, 125 Milk St. 
Garratt, A. V., 61 Hampshire St. 
Goddard. C. M.. 55 Kilby St. 

Gray, E., 106 Sudbury St. 

Greenleaf, L. S., 30 Farnsworth St. 
Hamilton, Jas., 53 State St. 

Haskins, Caryl D., 180 Summer St. 
Hayes. Hammond V., 125 Milk St. 
Herrick. Charles H., 3 Head Place 
Hosmer, Sidney, Ames Building 
Hudson. John E., 125 Milk St. 

Le Clear, Gifford. 7 Exchange PI. 

Lee, J. C.. 125 Milk St. 

Lockwood, Thomas D., 125 Milk St. 
Paine. Sidney B., 180 Summer St. 

Pen Dell, C. W., 207 W. Newton St. 
Puffer, Wm. L,. Mass. Inst, of Tech. 
Richards, C. W., 178 Devonshire St. 
Robb, Russell, 4 P. O Square 
Smith, W. L., Mass. Inst, of Tech. 
Spaulding, H. C , 410 Exchange B’ld’g. 
Stearns, C. K., 60 State St. 

Stone, Charles A., 4 P. 0 . Square 
Taintor, Giles, 125 Milk St. 

Wallace, C. F., 4 P. O.Square 
Webster, Edwin S., 4 P. O. Square 
Whitney, Henry M., 8i Milk St, 


Cambridge. 

Adams, C. A., Jr., 13 Farrar St. 

Ayer. Jas. I., Franklin & Sidney Sts. 
Clark, W. E., 57 Brattle St. 

Whiting, S. E., ii Ware St. 

4 

Cambridgeport, —Hopewell, C. F. 
Chelsea. 

Hall, F. A., 824 Broadway. 

1 

Danvers.— Hood, R. O. 

East Somerville. —Williams C., Jr. 
Fail River. —Warner, C. H. 

Great Barrington. —Stanley. Wm. 

Holyoke. —Winchester, S. B. 

g Laurel St. 

Hudson. —Lawrence, W. G. 
Jamaica Plain. —Balcome, H. A. 
Lawrence. —Humphreys, C. J. R. 

Lynn. 

Boyer. E. E., Gen’l Electric Co. 

Fog, C. F., 

Fish. Walter C., “ 

Hopkin.s. N. S.. “ 

Lemp. II. Jr.. Gen’l Electric Co. 
Thomson, Elihu, “ “ 

6 

Marlborough. —Doane, S. E. 
Natick. 

Appleyard. A. E. 

Gale, H. B. 

2 

Newton Centre.— Bell, Louis 
Pittsfield. 

Baum, F. G.. Stanley Electric Co. 
Chesney, C. C., “ “ 

Kelly, J. F., 

Perrine, F. A. C., “ 

Rushmore, D. B., “ “ 

VanDeventer, C., 

6 

Springfield. 

Anderson, H. S., United E. L. Co. 
Hyde, Jerome W.. Wason Building 

2 

Worcester. 

Jones, F. R., Polytechnic Inst. 

Latham, H.M., Am. Steel and Wire Co. 
Smith, H. B,, Pol5^technic Inst. 

3 


MICHIGAN 

Ann Arbor,—Carhart, H. S. 
Bay City.—Fitzhugh, W. H. 
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Detroit. 

Blades, Harry H., 419 Cass Ave. 

Dow, Alex, 18 Washington Ave. 

Field, H. G.,1203 Majestic B’ld’g 
Stewart, R. S., 440 Jefferson Ave. 
Wilkes, G., 1112 Union Trust B’ldg 

5 

Grand Rapids.— Cody, L. P., 

9 So. Division St. 
Lake Linden.—White, C. G. 
SaultSte Marie.—Kenan, W.R.Jr. 


MINNESOTA. 

Minneapolis. 

Burch, E. P., 1210 Guaranty B’ldV. 
FJather, J. J., XJniv. of Minn. 
Pillsbury, C. L., Lumber Exchange. 
Shephardson, G. D., Univ’-. of Minn. 

St. Paul. 

Simpson, J. M., Grass Twine Co. 
Zahm, A. W., Manhattan Bld’g 

Willmar.—Johnson, A. C. 


MISSOURI. 

Columbia.—Shaw, H. B. 

Kansas City. 

Morgan, J. L., City Hall. 

Weeks, E. R., National Bank of Kan. 
sas City Building 

2 

St. Louis. 

Baldwin, J. C. T., loth & Olive Sts. 
Durant, Geo. F., Telephone B’Id’g 
Garrels, W. L., 4531 West Pine Bouv. 
Hessenbruch, G. S., 205 Union Station 
Terminal. 

Humphrey, H. H., 706 Lincoln Trust Eg. 
Layman, W. A., 2017 Locust St. 
McRae, A. L., 306 Oriel Bld’g 
Randall, J. E., 1912 Olive St. 

Roper, D. W., igth t Gratiot Sts. 
Schlosser, E. G.. 411 No. irth St. 
Schwedtmann, F., 2017 Locust St. 
Swope, Gerard, Security Building 
Sykes, H. H., Telephone Building 
Wagner, H. A., 415 Locust St. 

14 


MONTANA. 

Bozeman.—Williams, W. H. 
Canyon Ferry.—Gerry, M. H., Jr., 
Great Falls.—Morrow, John T. 


NEBRASKA. 
Lincoln. Brooks, Morgan. 
Omaha. 


Pearson, F. J., 1510 Howard St. 
Schurig. E. F., 306 City Hall 
uiley, W. S., noy N. 40th St. 


3 


NEV^ADA. 

Virginia City.—Fielding, Frank E. 


NEW HAMPSHIRE. 
Manchester. 

Clough, A. L., Box 114 

Smith, J. Brodie, 142 Merrimack St. 

2 


new jersey. 

Ampere. 

Bunn, G. S., Crocker-Wheeler Co. 
Henshaw, F. V., “ “ 

Vreeland, E. K., “ 

Wheeler, S. S., “ 

4 

Atlantic City.— Elmer, Wm., Jr. 

Bloomfield. 

Carichoff, E. R., Sprague Electric Co 
Rosenbusch, G. “ 

2 

Bridgeton.— Smith, Oberlin 
Camden.— Harrington, Walter E. 

East Orange. 

Jackson, E. E., 61 So. Grove St 
Turnbull, W. R., 29 So. Arlington Ave. 

2 

Elizabeth. 




Bennett, E. H.. Jr., Singer M’f’g Co 
Granberv, J. H. (Elmora Station) 
Miller, H. S., Diehl M’f’g Co 
Riker, A. L., Riker Elec. Vehicle Co. 
Whitmg, A. H., ** <£ 


Harrison. 


Howell, J. W. 
Howell, Wilson S. 
Marshall, J. T. 
Page, A. D. 


4 
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New Jersey, New Mexico, New York. 


Hoboken. 

Cuntz, Johannes H., 325 Hudson St. 
Denton, J. E., Stevens Institute 
Ganz, A. F., “ “ 

Geyer, Wm. E., “ “ 

Morton, Henry “ 

5 

Jersey City. 

Ockershausen, H. A. 

Rushmore, S. W., 24 Morris St. 

2 

Newark. 

Anthony, Watson G., 32|- Webster St. 
Bosch, xAdam, Fire Alarm Telegraph. 
Colby, Edward A., Lock Box 113 
Flack, J. Day, 46 Bridge St. 

Hammer, E. W., 46 2d xAve. 

Moore, D. McF., 52 Lawrence St. 
Weston, Edward, 114 William St. 
Wiederhold, O., Morris Ave. & New 

8 

Orange. 

Edison, Thomas A. 

Upton, F. R. 

2 

Plainfield. 

McClurg, W. A., 207 Madison Ave. 
Waldo, Leonard, 520 Stelle Ave. 

2 

Port Oram.—Klinck, J. H. 
Princeton.—Brackett, C. F. 
Rahway.—Buys, Albert 
Roselle.—Colvin, F. R. 

Rutherford. 

Petty, Walter M. 

Schwabe, W. P, 

2 

Somerville.—Tait, F. M. 

South Orange.—Delany, P. B. 
Trenton. 

Horn, H. J., 36 W. State St. 

Newbury, F. J., Roeblings Co. 
Roebling, F. W., Roeblings Co. 

3 

Westfield. 

Berresford, A. H. 

Foote, Thos. H. 

Mansfield, R. H. 

3 

NEW MEXICO. 

Mesilla Park.—Brady, F. W. 


NEW YORK. 

Albany. 

Judson, W. P., State House. 
McElroy, James F.. 131 Lakeilve. 
Miller, Wm. C., 3 South Hawk St. 
Van Buren, Gurdon C., 82 State St. 


Auburn.—Case, W. E. 

Belmont.—Gorton, Charles 

Bronxville. 

Carpenter, C. E. 

Leonard, H. Ward 

Brooklyn. 

Barstow, W. S., 360 Pearl St. 
Benoiiel. S. D., Adelphi College 
Broich, Jos., 1622 8th Ave. 

Chapman, A. W., 160 Hicks St. 
Dexter, F. H., 268 23d St. 

DuBois, T. D. 2195 Pitkins Ave. 
Leitch, H. W., 373 Madison St. 
Martin, J., Navy Yard. 

Mosscrop, W. xA., 47 Brevoort PI. 
Ormsbee, A. F., 81 Willoughby St. 
Peek. E. F., 187 Montague St. 
Peckham. W. C., 406 Classon xAve. 
Reilly, John C., 81 Willoughby St. 
Rice, A. L., Pratt Institute 
Sargent, W. D., 81 Willoughby St. 
See, A. B., 116 Front St. 

Shaw, xA. N., 116 Front St. 

Sheldon, Samuel, Poly tech. Institute. 
Wolcott, T., 329 Clinton St. 


Buffalo. 

Foster, H. A., 682 Ellicott Sq. 
Frenyear, T. C., 782 •* 

Gifford, C. E., 231 Hudson St. 
Haskins, C. H., 70 Linwood Ave. 
Huntley, C. R., 40 Court St. 
McCarthy, E. D., 45 No. Division St. 
Meadows, H. G., 109 White B'ld’g. 
Offinger, M. PL, 304 Pine St. 

Perkins. Frank C., 126 Erie Co, Bank. 
Plumb. Chas., 70 West Swan St. 

Pope, H. W., 14 W. Seneca St. 
Sowers. D. W., 240 W. Utica St. 

Stott, H. G., 40 Court St. 13 


Carthage.—Lanphear, B. S. 
Elmira. 

Cheney. F. A. Maple Ave. 

Uebelacker, C. F., Munic Improv’ntCo. 
Wolverton.B. C., N.Y. & Pa.T.& T.Co. 



York. 




Flushing.—Phillips, L. A. 

Ithaca. 

Bedell, Fred. Dr., 117 E. Buffalo St. 
Bergholtz, H., Ithaca Street Ry. Co.* 
Plardy, C. E., 804 E Seneca St- 
Lohmann. R. W., ic2 West Ave. 
McClenathen. R., Box 476 
Moody, V. D., 215 Dryden Road. 
Nichols,, E. L., Cornell University. 
Ryan, H. J., “ “ S 

Larchmont.—Neilson, John 
Mamaroneck.—Farnsvvorth, A. J. 
New Brighton.—Libby, S. B. 
Newburgh.—Hewitt, C. E. 

New York City. 

Abbott, Henry, 9 Maiden Lane 
Adae, C. B'., 67 Madison Ave. 

Adams, E. K., 455 Madison Ave, 
Agnew, C. K., 18 William St. 

Albright, H. F., 57 Bethune St. 
Alexander, Plarry, 25 W. 33d St. 
Andrews, W. C. 120 Liberty St. 
Anthony, W. A., Cooper Union 
Archboid, W. R., 120 Broadway 
Archer, Geo. F., 31 Burling Slip 
Ashley, F. M., 95 Liberty St. 

Atkins, H. B., 22 William St. 

Atwood, G. F., 95 Liberty St. 
Auerbacher, L. J., 39 Cortlandt St. 
Austin, S. B., 32 Gold St. 

Baillard, E. V., Fox Building. 

Baldwin, A. de V., 39 Cortlandt St. 
Bangs, C. R. 15 Dey St. 

Banks, W. C., 594 Broadway 
Baron, Max D., 25 W. 33rd St. 
Batchelor, C., 44 Broad St. 

Bates, F. C., 44 Broad St. 

Bates, J. H., 66 Maiden Lane 
Bates, F. A., 39 Cortlandt St. 

Baylis, R. N., 99 Cedar St. 

Bell, O. A., 57 Bethune 
Bellman, J. J., 26 Cortlandt St. 

Bennett, T. C., 44 Broad St. 

Bethell, LF. N., 15 Dey St. 

Betts, H. D., 141 Broadway 
Bijur, Jos., 34 Nassau St. 

Birdsall, E. T., 26 Cortlandt St. 

Black, C. N., 149 Broadway. 

Black, H. D., 39 Cortlandt 
Blackall, F. S., 39 Cortlandt St. 

Blake, Henry W., 120 Liberty St. 

Blake, T. W., 410 Bleecker St. 

Bliss. W. L.. 128 Front St. 

Bonynge, Paul, 141 Broadway. 

Bogue, Chas. J., 206 Centre St. 

Bohm, Ludwig K., 320 Broadway. 
Bourne, Frank, 26 Cortlandt St. 

Bradley, C. S., 44 Broad St. 

Brixey, W. R., 203 Broadway. 

Brown, Alfred S., 195 Broadway 
Brown, J. Stanford, i Broadway 
Buckingham, Chas. L., 195 Broadway 


New York City.—Continued. 

Bunce, Theo. D. Jr., 239 E. 27th St. 
Burnett, Douglass, 55 Duane St. 
Burroughs, H. S., 527 W. 34th St. 
Burton, Paul G., 57 Bethune St. 
Burton, W. C., 29 Broadway 
Byrns, R. A., 20 Broad St. 

Cabot, J. A., 124 W. 127th St. 
Caldwell, Edw., 150 Nassau St. 
Canfield, M. E., 57 Bethune St. 
Carty. J. J., 15 Dey St. 

Chamberlain, J. C.. i W. 8r St. 
Chandler, C. P'., Columbia Univ. 
Clark, C. M., 42 E. 23d St. 

Clark, Ernest P., 19th St. & 6th Ave. 
Clark, Le Roy, Jr., 229 W. 28th St. 
Clark, W. J., 44 Broad St. 

Clarke, Charles L., 31 Nassau St. 
Coho, H. B., 149 Broadway 
Collett, S. D., 136 Liberty St. 

Cornell, C. L., 136 Liberty St. 
Compton, A. G., 17 Lexington Ave, 
Criggal, J. E., 463 West St. 

Crocker, Francis B., Columbia Univ. 
Cushing, H. C., Jr., 39 Cortlandt St. 
Cuttriss, Chas., 20 Broad St. 

Dana, R. K., 240 W. 74th St. 
Davidson, E. C., 141 Broadway 
Davis, Charles H., 99 Cedar St. 

Davis, Joseph P., 113 W. 38th St. 
Davis, Minor M., 253 Broadway 
Decker, E. P.. 26 Cortlandt St.' 

Dey, Harvey E., 711 E. 136th St. 
Dickerson. E. N., 141 Broadway 
Doherty, H. L., 40 Wall St. 

Doremus, C. A.. 59 W. 51st St. 
Dressier, Chas. E., 17 Lexington Ave. 
Duncan, J. D. E., 100 Broadway. 
Duncan, Louis, 71 Broadway ' 

Dunn, C. E., 1029 Park Row B’ldV. 
Durant, Edward, Ward’s Island. 

Dyer, R. N., 31 Nassau St. 

Edwards, C. V., 220 Broadway 
Field, C. J.. 1123 Broadway 
Pdiess, R. A., 201 W. 55th St. 

Floy, Henry, 220 Broadway 
Forbes, Francis, 32 Nassau St. 

Ford, A. H., 463 West St. 

Ford, F. R., 149 Broadway 
Frank, G. W., Jr., 29 Brodway 
Frost, J. W., 335 Broadwaay 
Gallaher, E. B., 120 Liberty St. 
Gallatin, A. R., 58 W. 55th St. 
Gardanier, George W., 195 Broadway 
Gherardi, B. Jr., 15 Dey St. 

Gibson, C. H., 220 Broadway 
Gladstone, J. W., no no E. 23rd St. 
Goldmark, Chas. J., 29 Broadway 
Gordon, Reginald. Columbia Univ. 
Griffen, J, D., 60 Broadway. 

Griffin, E., 44 Broad St. 

Guy, Geo. H., 120 Liberty St. 
Hadaway, W, S. Jr. 107 Liberty St, 
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New York. 


New York City.—Continued, 

Hall, Edw. J., 15 i^ey St. 

Hall, J. P.. 22 Thames St. 

Hallberg, J. H., 572 First Ave. 
Hamilton, Geo. A., 463 West St. 
Hamerschlag, A. A., 100 Maiden Lane. 
Hammer, W, J., 922 Havemeyer Bg. 
Hanchett, Geo. T., 123 Liberty St. 
Harding, H. McL. 20 Broad St. 
Hathaway, J. D., Jr., 463 West St. 
Hatzel, J. C., 114 Fifth Ave. 

Hayes, Harry E., 22 Thames St. 
Hedenberg, W. L., 136 Liberty St. 
Henderson, Alex., 527 W. 34th St. 
Herzog, Dr. F.Benedict, 51 W. 24th St. 
Higgins, Edward E., 120 Liberty St. 
Hildburgh, W. L., Hotel Normandie 
Hill, George. 150 5tb Ave. 

Hill. G. Henry, 527 W. 34th St. 
Hoffman, B., 15 Dey St. 

Holbrow, H. L., 15 Bey St. 

Holmes, Franklin S., 108 Fulton St. 
Howson, Hubert, 38 Park Row 
tiubbard, A. S., 25 W. 33d St. 
Hubbard, W. C., it Broadway. 

Hunt, A. L., 203 Broadway 
Hutchinson, Cary T., 71 Broadway 
Hyde, J. E. H., 120 Broadway, 

Idell, Frank E., Havemeyer Building. 
Insull, M. J., 572:1st Ave. 

Jaeger, C. L., 132 Mulberry St. 
Jannus, F., 149 Broadway 
Jenks, W. J., 120 Broadway 
Johnston. T. J., 66 Broadway. 

Jones, Francis W.. 253 Broadway 
Keefer, E. S., 463 West St. ^ 

Ker, W. W., 36 Stuyvesant St. 

King, V. C., jr., 517 West St. 
Kinsley, Carl, Governor’s Island. 
Kinsman, F. E., 26 Cortlandt St. 
Knowles, E, R., 136 Libeyty St. 
Knox. C. E., 150 Nassau St. 
Knudson, A. A., 32 Nassau St. 

Lamb, Richard, 136 Liberty St. 
Langton, Jno., 72 Trinity PI. 
Lanman, Wm. H., 120 Broadway 
Lardner, H. A., 29 Broadway. 

La Roche, F. A.. 652 Hudson St. 
Lawrence, W. H., 49 W. 26th St. 
Ledoux. A. R., 99 St. 

Leslie, E. A., 57 Duane St. 

Levy, Arthur B., 810 Lexington Ave. 
Lieb, J. W., Jr., 57 Duane St. 
Livingston, J. Jr., 13 Park Row 
Lloyd, Robert McA., 100 Broadway 
Loewenthal, M., World B’ld’g. 

Louis, O. T., 340 E. 119th St. 
-Lovejoy, D. R., 44 Broad St. 

Lozier, R. T. E., 220 Broadwav 
Lundell, Robert, 527 W. 34th St. 
Lundie, John. 52 Broadway 
Luquer, T. T. P., I 3 DeySt. 

Lyman, C. W., 30 Broad St. 


New York City.—Continued. 

MacGregor, W. H., 136 Liberty St, 
Mackie, C. P., 30 Broad St. 

Magnus, Benj., 22 E. iiith St. 
Mahoney, T. J., 44 Broad St. 

Mailloux, C. O., 150 Nassau St. 
Mansfield, A. N.,22 Thames St. 

Marks, L. B., 689 Broadway 
Martin, F., 5b Liberty St. 

Martin T. Commerford, 120 Liberty St, 
Marvin, IT. N., 841 Broadway. 

Idaver, William . Jr., 120 Liberty St. 
Mayer, M. M., 2369 2d Ave. 

McClure, W. J., 259 W. 52d St. 
McLain, R. C., 21 Park Row. 

Merrill, E. A., 26 Cortlandt St. 
Mershon, R. D., 120 Broadway 
Meyer. Julius, 55 Broadway 
Minis, Maj. John, 29 Whitehall St. 
Mole, H. E., 29 Broadway 
Mora, M. L.44 Broad St. 

Morley, E. L., 114 5th Ave. 

Moses, Otto A., 1027 Fifth Ave. 
Moses, P. R., 35 Nassau St. 

Mullin, E. H., 44 Broad St. 

Murphy, J. McL., 116 Nassau St. 
Muschenheim, F. A., 463 West St. 
Nimis, A. A., 204 E. 86th St. 

Noll. Augustus, 8 E. 17th 8t. 
Osterberg, Max, it Broadway 
Paine, F. P. H., 120 Broadway 
Parker, H. C., Columbia Univ. 
Parmly, C. Howard, 17 Lexington Ave 
Parsell, H. V. Jr., 129 W. 31st St. 
Pattison, Frank A. I 4 i Broadway 
Pearson, F. S., 621 Broadway 
Pedersen, F. M. 17 Lexington Ave. 
Pfund, Richard, 601 W. 169th St. 
Pickernell, F. A., 22 Thames St. 
Poole, Cecil P.. 120 Liberty St. 

Pope, Ralph W., 26 Cortlandt St. 
Porter, H. H., Jr.. 31 Nassau St. 
Price, C. W., 41 Park Row 
Prince, J. L., 57 Duane St. 

Proctor, T. L , 39 Cortlandt St. 

Pupin, Michael I., Columbia Univ. 
Reber, Samuel. Governor’s Island. 
Reckenzaun, F., 44 Pine St. 

Reed, H. A., 420 E. 25th St. 

Reed, H. D., 420 E. 25th St. 

Reid, FT S., 17 Times Building 
Reid, Thorburn, 120 Liberty St. 
Renpard. J. C., 15 Dev St. 

Rice. Calvin W., 55 Duane St. 

Ries, E. E., 346 Broadway 
Ripley,; W- 24 Murray St. 
Roberson, * 0 . R., i 95 Broadway 
Robinson, F. G., 621 Broadway 
Roller, F. W., 203 Broadway 
Rosenbaum, Wm. A., Times B’d’g 
Rosenberg, E. M.. 138 W. 85th St. 
Rouquette, W. F. B., 47 Dey St. 
Ryerson, W. N., 332 W, 56th St, 
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New York City.—Continued. 
Sanborn, F. N., 29 Wall St. 
Sanderson, E. N., 31 Nassau St. 
Saxelby, F., 220 Broadway. 

Scheffler, F. A., 9 Dey St’ 

Schreiter, rieinr., 106 Fulton St., 
Schum, C. H., 652 Hudson St. 
Scudder, H. Jr., 21 K. 22d St. 

Serreli, Lemuel Wm. 99 Cedar St. 
Sever, Geo. F., Columbia Univer. 
Simpson, A. B., 54 M. Lane 
Sinclair, H. A., 35 South William St. 
Skirrow, J. F., 253 Broadway 
Slade, A. J., 289 4th Ave. 

Slater. F. R., 32 Park Place 
Smith, J. Elliott, 122 W. 73d St. 
Smith Jesse M., 218 Broadway 
Smith, T. Jarrard, 98 Fulton St. 
Sprague. Frank J., 527 W. 34th St. 
Stadelman, W. A., 26 Cortlandt St. 
Stewart, W. M., 30 Gold St. 
Stieringer, Luther, 120 Liberty St. 
Stockbridge, Geo. H., 120 Broadway 
Stout, J. S., Jr., 55 Duane St. 
Strauss, H. A., iii E. 6ist St. 

Stutz, C. C.,527 W. 34th St. 

Swann, J. J., 26 Cortlandt St. 
Taltavall, Thos. R., 120 Liberty St. 
Taylor, I. A,, 120 Liberty St. 
lerry, Chas. A., 120 Broadway 
Tesla. Nikola, 46 E. Houston St, 
Phomas, R. McK. 141 Broadway 
Thompson, Edward P., Si P'ulto'n St. 
Thurber, FI. F., 15 Dey St. 

Torchio, P., 53 Duane St. 

Fownsend. Henry C., 141 Broadway 
Townsend, Fltzhugh, Columbia Univ. 
Treadwell, A., 100 Broadway 
Tyng, F. E., 164 W. 27th St. 

Vail, Theo. N., 26 Cortlandt St. 
Vansize, William B., 253 Broadway 
Van Vleck, J. F., 57 Duane St. 

Van Wyck. P. V. R.. Jr., 15 Dey St. 
Venable, W. M., ii Broadway 
Waddell, M., 72 Trinity PL 
Warren, A. K., 120 Centre St. 
Waterman, F. N., 120 Broadway 
Waterman, M. B., 55 Duane St. 
Waters, E. G., 44 Broad St. 

Weaver, W. D., 120 Liberty St. 

Webb, Herbert Laws, 15 Dev St. 
Wells, W. F., 55 Duane St. ’ 

Wetzler, Joseph, 240 W. 23rd St. 
White, J. G., 29 Broadway 
Whitmore, W. G., 44 Broad St. 
Whitney, C. E., 123 Liberty St. 
Wightman, M. J., 102 Times B’ld’g 
Wiener, A. E., 240 W. 23rd St. 

Wiley, Geo. L., 56 Liberty St. 

Wiley. Wm. H., 43 E. 19th St. 
Williams, A. 57 Duane St. 

Willyoung, E. G., 82 Fulton'St. 
Wilson, C. H., 26 Cortlandt St. 
Wilson, Fremont, 66 Maiden Lane 


{ New York City. —Continued. 
Wintringham, J. P., 36 Pine St. 

Wood. A. J.. 32 Park Place 
W'oodbridge, J. E., 120 Liberty St. 
Woolf. Albert 415 Lexington Ave. 
'Varnall, V. H., 52 Broadway 
Young, C. G., 29 Broadway. 

Zalinski, Capt. E. L., 7 N. 43d St. 

30; 

Official Sienog7'aphe7\ 

Ryan, R. W., Rm. 178 P. O. B’ld'g 

Niagara Falls. 

Acheson, E. G., Carborundum Co. 
Edmands, I. R., Union Carbide Co. 
Lincoln, P. M., Cataract Const. Co, 
Price, E. F., Union Carbide Co. 
Stillwell, L. B., N. F. Power Co. 

5 

Ogdensburg. —Jones, M. E. 
Pelham Manor.— Gilliland, E. T. 
Potsdam.— Dates, H. Jl. 

RhineclifF. —Philbrick, B, W. 
Rochester. 

Barnes, C. R. 

Redman, G. A. 

2 

Saratoga Springs.—Dunston, R.E. 
Schenectady. 

Andrews, W. S., General Electric Co. 
Armstrong, A. H., ** “ “ 

Badeau, I. F., “ 

Berg, E. 

Berg, Eskil. 

Blackwell, F. O., ** “ 

Boyles, T. D., 

Buck, H. W., 107 Union St. 

Davis, A. G., General Electric Co. 

Davis, W. J. Jr.. “ “ “ 

Dempster, Thos., “ “ 

F^mmet, W. L. R., “ “ 

Ely, W. G. Jr., 

Ekstrom, Axel, “ “ 

Eyre, M. K. % 

W. L. R Emmet, “ 

Hewlett, Edw. M.. “ “ “ 

Kellogg, J. W. “ 

Knox, S. L. G., “ “ “ 

Lovejoy, J. R., 

Middleton, A. C., “ “ “ 

Potter, W. B., 

Powelson, W. V. N. ** “ 

Read, R. H., 

Reed. W. W., “ “ 

Reist, H. G.. “ 

Rice, E. Wilbur, Jr., “ “ 

Rohrer, Albert, L , 

Sargent, H. R., “ 

Stebbins, Theodore “ 

Steinmetz, C. P., “ << 

Wirt, FI. C., << *4 

31 
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WeiD York, North Carolina, Ohio. Oregon, Pennsylvania. 


Syracuse. 

Brady, Paul T. 

Cahoon. J. B., 729 Crouse Ave. 
Emerick. L W., The Kenyon 
Land, Frank, 220 Green St. 

Nicholson, W. W., Telephone B’ld,g 
Noxon, C. P. L., 500 E. Water St. 

6 

Tarrytown.—Crehore, A. C. 
Tompkinsville.—Gregg, T. PI. 

Troy.—Bernard, Edgar G.. 450 

Fulton St. 

Whitestone.—Uhlenhaut, F. Jr. 
Yonkers. 

Hull, S. P., N. y. C. & H. R. R. R. 
Ihider, John D., Otis Electric Co. 
James, IP. D., 100 Buenos Vista Ave. 
Scidmore, P\ L., 21 Highland Ave. 


NORTH CAROLINA. 
Charlotte. —Sampson, F. D. 


OHIO. 

Akron. 

Pomeroy, W. D. 

Shaw, E. C. 

2 

Cincinnati. 

Baldwin, B, L., 73 Perin B’ld’g 
Bogen, L. E., Univ. of Cincinnati. 
Creaghead, Thos. J., 802 Plum St, 
French, Thos. Jr., 713 Ridgeway Ave. 
Lillev, L. G., Cor. 3d & Walnut 
Merrill, J. L., 420 W. 4th St. 

Reno, C. S., 620 Bayrailler St. 
Rodgers, H. S., 420 W. 4th St. 

White, W. F., 220 W. 8th St. 

9 

Cleveland. 

Brush. Chas. F., 453 The Arcade. 
Canfield, Milton C., 18 Clinton St. 
Cowles, Alfred H., 361 Arcade. 

Hoag, G. M.. 113 City Hall. 

Jackson, E. D., 905 Electric B’ld’g. 
Lindsay, Robert. 771 Cuvahoga B’ld’g 
Roberts, E. P., Electric Building. 
Sperry, E. A., 8s5 Case Ave. 

Wason, Chas. W., 2069 Euclid Ave. 

9 

Columbus. 

Caldwell, F. C., State University. 

Fish, F. A., 

Johnson, H. S., 70 Jefferson Ave. 
Thomas, B. F., State University 

4 


I Dayton. 

I Thresher, A. A. 

East Liverpool.—Plealy, L. W. 
Hamilton.—Cornell, J. B. 

Piqua. 

Lorimer, G. W. 

Lorimer, J. H. 

2 

Salem. —Davis, Delamore L, 
Steubenville. —Flood, J. F. 

Toledo. —Bechtel, E. J. 

OREGON. 

Oregon City. —Cheney, W. C. 
Portland. 

Mitchell, Sidney Z., Fleischner B'ld’g 
Shock. T. A. W. 

2 

' Salem. —Anson, F. R. 

PENNSYLVANIA. 

Allegheny. 

Fessenden, R. A., Univ. W. Pa. 

Smith, F. S. 

2 

Altoona. 

Dudley, C. B. 

I 

Bethlehem. —Lattig, J. W. 
Braddock. —Maccoun, A. E. 
Duquesne. —Friedlander E, 

East Pittsburg. —Corey, F. B. 

Erie.—Behrend, B. A., Box, 604. 
Munhall.—Dinkey, A. C. 
Phoenixville.—Perot, L. Knowles. 
Philadelphia. 

Biddle, J. G., Drexel B’ld’g 
Billberg, C, O. C., 3300 Arch St, 
Blanchard, C. M., 1127 Betz B’ld’g. 
Blizard, C., 19th St., & Allegheny Ave. 
Bolan, T. V., 509 Arch St. 

Braddell, Alfred E., 316 Walnut KSt. 
Bragg, Chas. A., Land Title B’ld’g 
Clement, E. E., 1205 Girard B’ld'g. 
Cumner, A. B., 251 S. 12th St. 
Darlington, F. W., 931 Drexel B’ld'g. 
Degen, Lewis, 1414 Chestnut St. 
Drysdale, W. A., Hale B’ld’g 
Eglin, W. C. L., Cor. loth & Sansom. 
Entz, J. B., 19th St. & Allegheny Ave. 
Firth, W. E., Nicetown 
Gharky,W.D., 1205 StephenGirardiBg, 
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Philadelphia.— Continued. 

Hail, J. L., 625 Arch St. 

Hartman, H. T., 1406 Land Title Eg. 
Hering, Carl, 929 Chestnut St. 

Hewitt, Chas , 809 Spruce St. 

Hodge, W. B., 707 Spruce St. 
Hommel, L., 1225 Betz B’Id’g 
Houston, E. J., 1203 Crozer B’id’g 
Hunter, Rudolph M., 926 Walnut St. 
Keller, E. R., 727 Reading Terminal 
Kennelly, A. E., 1203 Crozer B’id’g 
Klauder, G. H., 35 W. Upsal St. 
Labouisse, J. P., 50Q Arch St. 

Levis, Minford, 54 North 4th St. 
Lindsay, W. E., 1600 Hamilton St. 
Lloyd, Herbert, Drexel B’id’g 
Marks, W. D., The Bourse 
Patton, P. I., 1026 Filbert St. 

Pike, C. W., 711 Reading Terminal 
Reed, C. J., 3313 N. i6th .St. 

Ross, T. W., U.S. R.C. “Onondaga.” 
Rowland, A. J., Drexel Inst. 
Satherberg, C. H., Nice town 
Scott, W. M., 108 W. Johnson 
Smith, T. Carpenter, 650 Drexel B’id’g 
Smith, W. E., 19th & Allegheny Ave. 
Spencer, Paul, Broad & Arch 
Spencer, Theo., 406 Market St. 

Stakes, D. F., 1500 Land Title B’id’g 
Stanton, C. H., 1517 Walnut St. 
Stevens, J. F. 9th St. & Montgomery Av. 
Swoope, C. W., Spring Garden Inst. 
Toerring, C. J., 1035 Ridge Ave. 

Vail, J. H., roth & Sansom 
Winand, P A. N., 3200 Arch St. 

Wise, J. S., Jr., 2023 Mt. Vernon St. 
Young, C. I., Land Title B’id’g 

52 

Pittsburg. 

Beebe, M. C., Amber Club. 
Blaxter,G.H.Rm. 44 2d Nat’l Bank Bg. 
Damon, G. B., Farragut St. & Welles¬ 
ley Ave. 

Dunlap, W. K., West’house E. M.&Co. 
Fisher, H. W. Standard Und. Cable 
Hill, E. R., Westinghouse E.I& M. Co. 
Hutchinson, F..L., “ 

Ingold, Eugene, 1669 Second Ave, 
Keller, E E., West’house E. & M. Co. 
Lange, Philip A., “ “ “ 

Nock, Geo. W. “ 

Osborne, L. A,, West’house E.&M. Co. 
O’Sullivan, M. J., 202 Hazelwood Ave. 
Peck, J. S., Westinghouse E. M. & Co. 
Scott, Chas ¥. “ “ “ 

Skinner,’C. E., “ “ “ 

Storer, N. W., 

Temple. W. C., Bank of Commerce Bg. 
Winslow, G. H., 82 Schmidt B’id’g 
Wurts, A. J., Westinghouse E.& M.Co. 

20 


Reading. —Brown, E. E. 
Rochester. —Sage, H. J. 

Scranton. 

Cosgrove, J. F., 631 Madison Ave. 
Elias, A. B., 1310 Washington St. 
Webb, H. S., 225 Jeflerson Ave. 

3 

South Bethlehem. 

Franklin, W. S., Lehigh Univ. 
MacFarlane, Alexander 

2 

State College. —Jackson, Prof.J. P. 
Swarthmore. —Stine,W. M. 
Vandegrift. —Pinkerton A. 
Wilkesbarre. 

Harvey, R. R., 10 S. Franklin St. 
Seitzinger, H. M,, 6 Northampton St. 

2 

RHODE ISLAND. 
Lonsdale.—Ellis, John 
Newport.—Raub, C. B. 
Phillipsdale.—Phillips, E. F. 
Providence. 

Downes, L. W., 53 Aborn St. 
Woodward, W. C,, 60 Weybosset St. 

- 2 

SOUTH CAROLINA. 

Charleston.—Hill, N. S., Jr. 

Pelzer. —McKissick, A. F. 
Spartanburg.—Knox, F. H. 


TENNESSEE. 
Chattanooga —Burt, B. T. 


UTAH. 

Park City.—Fleming, J. B. 
VERMONT. 

Bellows Falls —^Bottomley H. 
Brattleboro.—Childs, W. H. 
Burlington,—PTeedman, W. H. 
Montpelier.—Almon, G. H. 
Rutland. — Francisco, M. J. 


VIRGINIA. 

Blacksburg.—Randolph, L. S, 
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Hot Springs. 

Stewart, J. B. 

Norfolk. 

Tr^aesdeil, A. E., 82 Plume St. 

Wright, Peter 

2 

Newport News. 

Crain, J. J. 

Loomis, O. P. 

2 

Portsmouth. 

Thompson, J. P., U. S. Nav}" Yard. 

Richmond. 

Johnston, A. L., 1112 E. Main St, 
'McCluer, C. P., 2804 E. Franklin St. 
Tower, Geo. A., 704 E. Main St. 
Trafford, E. W., 413 N. 7th St. 

Willis, E. J., 211 E. Franklin St. 

WASHINGTON. ^ 

Everett.—Butler, William C. 
Pullman.—Darrow, E. 

Seattle. 

Huggins, N. W. 

Joslyn, Howard 
Maxwell, E. 

Robinson, D. P. 

4 

Snoqualmie. —Fry, D. H. 


WEST VIRGINIA. 
Wheeling. —Sands, H. S. 


WISCONSIN. 

Madison. 

Burgess, C. F., Univ. of Wisconsin 
Frankenfield, B., 609 Lake St. 

Jackson, Dugald C., Univ. of Wis. 
Swenson, B. V., 606 Francis St. 

4 

Milwaukee. 

Finney, J. C., 34 Prospect Ave. 
Robinson, Geo. P., Wis. Tel. Co. 
Wilson, C. P., 451 Broadway 

3 

HAWAIIAN ISLANDS. 

Hilo.—Sedgwick, C. E., Hilo Elec. 
Light Co. 

Honolulu. 

Cassidy, John, Mutual Telephone Co. 
Grant, L. T., Box 536. 

Hasson, W. F. C., Judd B’ld’g. 

Pratt, R. J., Honolulu Iron Works 

4 


PORTO RICO. 

San Juan.—Parks, C, Wellman. 


DOMINION OF CANADA. 


BRITISH COLUMBIA. 
Victoria. 

Dunn, K. G., 37 John St. 

Sperling, R. H., C. E. RVay Co. 

2 


NOVA SCOTIA. 
Baddeck. —Bell, A. Graham 
Haaiel Hill. —Dickenson, Samuel S. 
New Glasgow. —Winfield, J. H. 


ONTARIO. 

Ottawa. 

Ahearn, T. 

Dion, Alfred A., 72 Sparks St. 

2 

Rat Portage.-— McCrossan, J. A. 
Toronto. 

Kammerer, J. A., 87 Jameson Ave. 
Rosebrugh, Thomas R. 

White-Eraser, Geo., 18 Imp’l Loan Bg. 

3 


QUEBEC. 

Montreal. 

Gossler, P. G., 94 Queen St. 

Herdt, L. A., McGill University 
Jaquays, H. M. “ 

Owens, R. B., “ “ 

Ross, Norman, Royal Electric Co. 
Ross, Robert, A., 17 St. John St. 

Sise, Charles F. P. O., Box 1918 
Weller, H. W., 202 St. James St. 
Wilson, R. M., McGill University. 

__. 9 


MEXICO. 


Chihuahua.— Bowman, J. H. 
Jalapa. 

Yslas, Carlos 

Greenwood, G., JalapaR'y& Power Co. 

2 

Guadalajara. 

Schiaffino, M. L. 

Mexico. 

Barnes, H. H., Mex. Elec. Works. 
Beames, C. F., Box 403 
Evans, C. W., Box 2100. 

Evans, P. H., Mex. Gen. Elec, Co. 




Mexico, 0 . A., 5 . A., W. 1 ., Africa, Ada, Australia. 
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Mexico.—Continued. | 

Henry, L. W., Mex. Gen. Elec. Co. 
Niles, H. B. American Club. 

Shearer, J. H., Nat. Elec. Light Co. 
Shepard, R. R., Box 403. 

Thompson, M. T., Box 403, 

Worswick, A. E., 3rd Calle des las Artes 
Zapata, J. M., Gen. Elec. Co. 

II i 

Pachuca.—Renstrom, F. A. ' 

Puebla. j 

Wilson, H. S. I 

Thompson, J. W. 2 I 


CENTRAL AMERICA. 

GUATEMALA. 
Quezaltenango.— Morehouse, H. H. 

SOUTH AMERICA. 
ARGENTINE REPUBLIC. 
Buenos Aires. 

Abella, Juan, 691 Calle Bolivar 
Brayshaw, I., Great Southern Railway 
McCrosky, J. W., Keconquista 20 
Parker, L. H. Calle Santa Fe 2457 
Stone, J. P., Bailey Walker & Co. 

5 

UNITED STATES of BRAZIL. 
Manaos.—Coles, E. P. 

Para.—da Cunha, Manoel Ignacio, 
Empresa Industrial Gram-Para 

Rio Janeiro.—Mitchell, James 

Sao Paulo.—Graves, C. B. 


CHILI. 

Santiago. 

Currie, N. M., 

Jones, G. H., Casilla 1317 

2 


PERU. 
Lima.—Davidson, A. 


WEST INDIES. 

CUBA. 

Havana.—Thompson, A. J., 

O’Reilly 15 


JAMAICA. 

Kingston, 

Campbell, H. A., 38 Harbor St. 

Davis, L. F., “ “ 

Roberts, Allen D. 

Wilson, Harry C. 

=====: ^ 

AFRICA. 

CAPE OF GOOD HOPE. 
Cape Town. 

Denham, John 
Lloyd, J. E. 

2 


SOUTH AFRICAN REPUBLIC. 
Germiston—Peirce,A.\V'.K.,Box2i7 
Johannesberg. 

Clement, Jos., Box 149 
Kirkland, J. W., Box 1905 

2 

asia7 

INDIA. 

(Bombay Presidency.) 

Bulsar.—Beveridge, E. W. 

JAPAN. 

Kiota.—Namba, M. 

Beppu.—H. Maki 
Kobe.—Misaki, S. 

Tokyo. 

Baugher, E. C. 

Tachihara, Jin 
lijima, Z. 

Iwadare, K. 

Oi, S. 

5 

Yokohama. 

Brenner, W. H. 

Dyer, E. I. 

SIAM. ^ 

Bangkok.—Holberton, G. C. 

AUSTRALIA. 

NEW SOUTH WALES. 

Sydney. 

Allan, John, 54 Margaret St, 
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Ausirnlia., Austria, G, Britain, Frame, Gerrnayiy. 


Sydney. ~ Continued. 

Fischer, Gustave J.,Public Works Dep’t 
Fitzmaurice, Jas.'S., 2ro Georg-e St. 
Goodman, W. G. T., Pub. Works Dept. 
Hanson, A. J., 3 Wynyard St. 

_ 5 

QUEENSLAND. 
Rockhampton,.—Hewlett, E. H. 

VICTORIA. 

Melbourne. —Jones, A. W. 


WESTERN AUSTRALIA. 
Perth —Childs, S. W. 

NEW ZEALAND. 

Auckland.—Rich, F. A. 

Otaki.—Lemon, Charles 

EUROPE. 

AUSTRIA - HUNGARY. 


Buda-Pesth. —Jehl, Francis 
Vienna. 

Eg^er, E., X. Simmerlngstr, 187 
Sahulka,Dr. Johann, 

Technische Hochschule 
2 

GREAT BRITAIN. 

ENGLAND. 

Birmingham.—Carter, F. W. 

Bath.—Walker Sydney, F. 

Beer.— Trott, A. H. H. 
Blundellsands. —Tnrig, A. G. 
Bolton-le-Moors. —Jackson, Henry 
Croydon. —Lewis, H. F. W. 

Hyde. —Adamson, D. 

London. 

Blunt, W. W., Norfolk St, 

Churchill A. 83 Cannon St 
Carus-Wilson C. A., 41 Old Queen St. 
Dawson, P., 3 q Victoria St. 

Forbes, Geo., 34 Great George St. 
Fortenbaugh. b. B., 110 Cannon St. 
Hermessen, J. L. 83 Cannon 8t. 
Hobart, H. M., 83 Cannon St. 

Little, C. W. G., Donington House. 
Lorrain, James Grieve, Norfolk House 


London.— Continued. 

Macartney, J. F, 53 Victoria St. 
Mordey, \Vm. M., 82 Victoria St. 
Parry, Evan, S Princes St. Bank 
Parshall, H. F. S Princes St. Bank 
Preece, Wm. H., Wimbledon 
Requier. A. M., 32 Victoria St. 
Rutherford, W., no Cannon St. 
Salomons, S?r D. L., 49 Grosvenor 
Thompson. S. P., West Hampstead. 
Wharton. Chas. J., Palace Chambers 
Winslow, 1 . E., 35 Parliament St. 

21 

Manchester. —Wordingham, C. H. 
Riding-Mill-on-Tyne.~Dobbie, R. S. 
Taunton. —Haynes, F. T. J, 


IRELAND 

Belfast.—Williams, G. H. 
Cork.— Merz, C. Pf. 


SCOTLAND. 
Glasgow. — Kelvin, Lord 


FRANCE 

Grenoble. —Stahl, Th 
Nice. —Albanese, G. Sacco. 

Paris. 

Coster, M., 45 Rue de la Arcade. 
Donner. W. H., Exposition of 1900. 
Garfield, A. S., 5 Villa Michon 
Le Blanc, Chas 24 Boul. des Capucines 
Leutheule, Paul, 27 Rue de Londres 
Mix. Edgar W., 12 Boul.des Invalides. 
Schmid, A., 45 Rue de PArcade. 
Stephens, George, 219 Rue de Vangirad 
Thurnauer, Ernst, 27 Rue des Londres 
Tripier, H., 17 Rue Caralloti 
Welles, F. R., 46 Ave. De Breleuil 

II 


GERMANY. 

Berlin. 

Burke, Jas., Klopstockstr. 15 
de Nordwalls, Chas. F., 22 Schiffbau- 
erdamm. 

Hakonson, H. Dorotheeaster, 43 
Heinrich, R. O., Ritterstrasse 88 
Hulse, W. S., Union Elektricitats Ge- 
sellschaft. 

Magee, Louis J., Grosse Quer AUee i 




Germany, Italy, JS^efherlands, Buma, 8'iteden, Switzerland. 
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Germany.—Continued. 

AicCarter. R. D., Hiittenstrasse i6 
Meyer, H. S , Huttenstrasse, 12 
Rathenau, E , 22 bchitfbauerclamm 
Tischendoerfer, F. W., 

Union Elektricitats Gesel]<?chaft 
West, Julius H., Handjery Str. 58 

Friedenau, near Berlin. 

II 

Charlottenberg’.—Gorrisen, Ch. 

Franklinstrasse 29 
Darmstadt, Kittler, Dr. E,, 

bchwanthalerstrasse 
Munchen.— Voit. Dr. Ernst 


ITALY. 

Ivrea —Olivetti, Camillo. 
Milan.—Pfeiffer, A. J. J. 
Turin.—Capuccio, M. 


NETHERLANDS. 

Amsterdam. 

Ilubrecht, Dr. H. F. R. 

Otten, Dr. J. D,, Van Baerlestraat 10 

2 


Delft.—Doijer, H. 

Haarlem.—Vossmaer, A. Zijlweg 49 

RUSSIA. 

Kiev.—Browd, P. K., 

SWEDEN. 

Stockholm,—Danielson, Ernest 

SWITZERLAND. 

Geneva.—Field, S. D. 


Addresses Unknown. 

De Redon, C. 

Ende, S. H. 

Irvine, D. W. 

Martin, Jas. A. 

Olan. T. J. W. 

Wallace, Wm. 

Wardlaw, G. A. 

Notice. 

The Secretary would be pleased to re¬ 
ceive the present addresses of the above. 


Total, 1183. 
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